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SECT ION. 1. 0 

INTRODUCTION AND S~1ARY 

Energy Systems Associates (ESA) was contracted ~lr the Los Angeles 

County Sanitation Districts (LACSD) to perfonn a set o.f emission tests at the 

Commerce Refuse~to-Energy facility as part of the Waste-t.o-Energy Demon­

stration Program (WTEDP). The WTEDP is a large-scale program funded by the 

State of Ca 1 i forni a under the direction of the Ca 1i forni a Waste Management 

Board (CWt-tB). The purpose of the program was to fully cbaracterize the. 

incoming waste stream, air emissions, and ash residue froan a state-of-the-art 

waste-to-energy facility. 

ESA's involvement in the project-consisted of de:tennining the emission 

rate of criteria and noncriteria pollutants at the boiler· exit and stack of 

the Commerce facility. The tests were performed from Jul,;y 18 through 

August 5, 1988, in parallel with-.similar tests performed by the California Air 

Resources Board (CARS). The air tests were intended to provide data to meet 

the following objectives: 

1. Characterize emissions from ,the Commerce fa..c:il ity while 
firing commercial refuse and while firing a mix of 
residential and commercial refuse. 

2. Characterize pollution control equipment perfonnance.~-

3. Provide additional emissions data requested by the South 
Coast Air Quality Management District (SCAQMD) which 
includes emission data for use in a Health Risk. Assessment 
of the Commerce Facility. 

The facility is currently operating under a Permit to Construct issued 

by. the SCAQHD, Application Numbers 103649, 103650, 103653, 103656, 120137. and 

120162. 
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The test program consisted of two complete sets of measurements of 
criteria and non·criteria pollutants at the boiler exit and at the stack. One 
set of measurements was conducted while firing a fuel mix consisting of about 
60% commercial and 40% residential waste intended to simulate a typical 
municipal solid waste (MSW) mix, and one set was conducted while burning 
primarily commercial fuel which consisted of about 95% commercial refuse and 
5~ residential refuse. The refuse nonnally fired at the Commerce facility is 
the-95/5 mix; the residential refuse necessary to make the 60/40 mix was 
brought in only for the purpose of these tests. 

The criteria pollutants measured included NOx, sox~ CO, HC. and total· 
particulate. Noncriteria pollutant tests included dioxins/furans. other semi­
vo 1 at ile organic species, metals, trace vo 1 at ile organfc species, 
formaldehyde, nitrosamines, and acid gases. 

The ESA test team was supervised by Hark D. McDannel., P .E. 
Frank Caponi served as project manager for LACSD and coordinated all efforts 
of the program. Emmanuel Ruivivar and Mohsen Nazemi of the SCAQMD witnessed 
portions of the tests. 

The results of the tests are sur..11arized in Tables 1-1 and 1-2. 
Table 1-1 presents the emission results of the criteria pollutant tests and 
Table 1-2 presents the results of the noncriteria pollutant. tests. Table 1-3 
presents a summary of the removal efficiency of the spray dryer/baghouse 
system on criteria and noncriteria pollutants. Detailed results are included 
in Section 4.0. 
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TABLE 1-1. 
S~1MARY OF CRITERIA POLLUTANT EMISSIONS, 
Ca.1f-1ERCE REFUSE-TO-ENERGY FACILITY • 19.S8 

Mixed Commercial SCAQMD Emnssion Units 
Species Fuel Fuel limit Rule No. 

NOx*: ppm at 3% o2 144 134 225 476 
lb/hr 36.4 . 35.8 41 permit 

SOx: ppm at 3% o2 1.6 4.9 500 407 
l b/hr 0.9 1.7 9 penuit 

CO*: ppm at 3% 02 36 26 2,000 407 
l b/hr 5.5 4.1 18 pern~it 

HC by TCA/FID**: ppm at 3% o2 12 9 
1 b/hr 1.09 0.84 3 pennit 

Total Particulate: 
gr/dscf at 12% co2 0.0050 0.0066 
gr/dscf at 3% o2 0.0063 0.0086 0.01. 476 
1 b/hr 1.85 2.53 11 476 

5.5 pennit 

Solid Particulate, l b/hr 0.52 0.28 

* Data presented are for the compliance runs perfonned according to 
strict EPA tes~ procedures. Add it \onal NOx and CO data f'or all tests 
are presented 1n Table 4-4. ' . 

** Results for condensible hydrocarbons are considered invalid-due to 
interferences, so only volatile hydrocarbon values are presented. See 
Section 4.2.1 for discussion. 
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TABLE 1-2. SU~tMARY OF NON~RITERIA POLLUTAN1f EMISSIONS. 
COMMERCE REFUSE-TO-ENERGY FACILITY • 11.988 

Total P~DD/PCDF: 
ng/Nm at 12% co2 

PCDO/PC~F Toxic Equivalent by CA DOHS: 
ng/Nm at 12% co2 

Total PAH, ug/Nm3 at 12J C02: 
excluding naphthalene 
including naphthalene 

Total PCB, ug/Nm3 at 12% C02: 

Chlorob3nzenes and chlorophenols: 
ug/Nm at 12% co2 

Total Chlorinated HC, ppb 

Metals, ug/Nm3 at 12% co2: 
Arsenic 
Beryllium 
Cadmium 
Chromium 
Lead 
Mercury 
Nickel 

Formaldehyde, ppm at 3% o2 

Nitrosamines, ug/Nm3 at 12% co2 

HCl, ppm at 3% o2 

HF, ppm at 3% o2 

NOTES: 

Mixed Fuel 

1 1. 94 2 
10.72 

0.17~ 
0.36 

<0.15 
<0.47 

ND<0.385 

NO <1.8 

<1.2 

<0.16 
<0.19 
2.0 
2.4 
2.0 
41 
6.3 

ND<8.1 

9.4 

0.074 

Commercial Fuel 

3.26 

0.22 

< .. 095 
<1.3 

<0.093 

<2.8 

<1.0 

<0.08 
<0.17 
0.4 
<0.3 
3.2 
76 

<0.28 

0.12 

N0<3.9 

7.0 

0.087 

1. Excluding Test 1, which was conducted at reduced load and during 
combustion upset conditions 

2. Including Test 1 
3. Heasured naphthalene 1 evel s were high for test samp1 es and blanks due to 

interferences 
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TABLE 1-3. REMOVAL EFFICIENCY OF SPRAY DRYER/BASHOUSE SYSTEK 

Total Particulate 

Solid Particulate 

sox 

Total PCOD/PCDF 

PAH* 

PCB 

Chl orobenzenes 

Chlorophenols 

Metals: 

Arsenic 
Beryll i urn 
Cadmium 
Chromium (metals tr~in) 
Lead 
Mercury 
Nickel 

HCl 

HF 

* Not including naphthalene 

Hixed Refuse Commercial Refuse 

99.77 99.49 

99.93 99.94 

98.3 97.2 

. 99.77 99.62 

>99.39 >97.48 

Not detected at boiler exit or stack 

Not detected at boiler exit or stack 

Not detected at boiler exit or stack 

>99.8 >99.9 
>97.2 >95.5 
99.88 99.96 
99.93 >99.95 
99.99 99.9•8 
91.3 73.6 
99.85 >99.987 

98.9 99.0 

98.8 98.9 
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SECTION 2.0 

UNIT OESCRI PTION AND OPERATION 

The Commerce Refuse-to-Energy facility consists of a municipal solid 
waste (MSW) fired boiler with a nani nal capacity of 380 tons per day refuse 
charging rate and 115,000 1 b/hr steam f1 ow rate. The steam is used to 
generate 10 MW of electricity for sale to Southern California Edison. 

Air pollutant control is achieved by a number of techniques. NOx 

emissions are controlled by combustion control and NH3 injection into the 
furnace exist gas (Thermal DeNOx)· Acid gas (So2 and H:1) cont.rol i.s achieved 
by a Tell er/AAF spray dryer, which utilizes 1 ime to collect the acid gases. 
Particulate control is by an American Air Filter baghouse. 

The facility is base 1 oaded, so its design operation is at ful t 
capacity 24 hours per day. 

The unit normai ly operates on refuse generated within the City of 
Commerce. Approximately 95% of this refuse is from CornQercial sources. 
Commercial refuse tends to be drier and have a higher heating content than 
residential refuse. For this program, tests were perfonned on the normal 
refuse mix and on a mixture targeted to be 60% residential and 401 commercial 
refuse. 

Unit operation during the tests is summarized in Table 2-1. A more 
detailed breakdown of plant operating data during the tests is provfded as an 
appendix. Boiler operation was stable and within normal bounds for all tests, 
with the exception of Test 1, which was a dioxin/furan test. This was the 
first test on the canmercial/residential mix. Due to a lack of operating 
experience on this fuel, maximum unit load could not be achieved. Average 
1 oad was only 5. 7 MW, and CO concentrations were higher than nonnal due to the 
cooler furnace temperatures. 

An additional unit problem was experienced during Test 18,. which was a 
metals test while burning commercial refuse. Following the test, visible 
quantities of particulate were observed on the filters of both the ESA and 
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CARS stack metals test samples. Since visible particulates are not nonmally 
seen in stack samples collected at Commerce, a baghouse inspection was 
conducted. It was discovered that a bag had 1 oosened and fall en off its 
support. Thus, the levels of trace metals measured for this test are 
significantly higher than nonnal operation. 

In order to achieve three metals test runs while firing commercial 
refuse with the baghouse functioning properly, ·a fourth metals test was 
conducted on th~ commercial fuel at the end of the test program. 
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TABLE 2-1 
SUMMARY OF UNIT OPERATION 

Refuse --r/l Date Refuse Load, Steam Furnace Charging ~ Test 1988 Type* MW gross Flow, Klb/hr 02, s Rat.e, tpd 

1 7/18 M 5.7 65 10.2 294 -, 
~· 

2 7/19 ~~ 10.6 104 6.6 491 I'·""'~\--.t ~ •-...;.; J 

3 7/19 M 11.2 110 6.1 . ·- .. 

4 7/20 H 10.1 101 6.6 491 u: G· I 
5 7/20 M 11.2 110 5.7 
6 7/21 M 10.9 109 6.4 513 ·..:: -~\..) 'Q • 

7 7/21 M 11.1 113 5.8 
.. __ 

8 7/22 M 10.4 107 6.1 505 '-! r '~~ . ·.::J . 

9 7/22 M 11.3 115 6.0 
10 7/23 M 10.9 112 6.3 489 ~",)] 
11 7/23 M 10.3 107 6.3 
12 7/25 c 11.3 115 5.,8 345- ?O,. ; .... -

.:.. ... 

13 7/26 c 11.4 115 6.2 292 - -
_ ....... J 

14 7/26 c 11.4 117 5.6 
15 7/27 c 11.2 114 6.0 412 -.-

..: .... 

16 7/27 c 11.3 116 6.3 - .· 17 7/28 c 11.4 116 6.1 422 ?r .. ~ ....: 
~ ... 

18 7/28 c 11.5 118 6.2 
19 7/29 c 11.2 115 6.5 405 ~- ~ . -·~ --=.. 

20 7/29 c 10.7 110 6.3 
21 8/1 c 10.9 113 6.2 333 jo-ZI 
22 8/1 c 11.1 115 5.9 
23 8/2 c 11.0 114 6.0 346 3o,7\ 
24 8/2 c 11.4 117 5.6 

-"'! 
.-.-

25 8/3 c 11.5 118 6.1 404 ~ -~ ... .. 

26 8/3 c 11.4 118 5.6 
27 8/4 c 11.0 115 6.9 411 : (; ·l 
28 8/4 c 11.4 117 6.8 
29 8/5 c 11_:.1.-.-- 118 6.6 418 -;..,- ·'1 > ;.- .:; 

\ \ . '] /( .) 

* M - mixed refuse ____-::-. ;: .. 
I. • C - commercial refuse • J -.... '/ _. 

. I ( ~~ ,., M 
t; .. ...,.I" ' 

cr:t'. 

?-~ r~n '""',_.,.. 



SECTION 3.0 

TEST DESCRIPTION 

This section presents discussions of the test schedule, sample 
locations, test procedures, and quality assurance procedures for the program. 

The procedures are based on the test protocol en:titled •rest Plan for 
Air Emission Tests during the Waste-to-Energy Demonstrat.ion Program at the 
Commerce Refuse-to-Energy Facility,• Report No. ESR 20526-520. This protocol 
was submitted to the SCAQMO and CARS for review in April 1988. 

Following two meetings with SCAQ~m and CARS personnel to review the 
protocol, and number of revisions and cl~ ri fi cat ions to the test plan were 
agreed upon. These revisions were documented in a lette·r from Marie McDannel 
of ESA to Mohsen Nazemi of the SCAQMD dated July 8, 1988 (reference No. ESL 
20534 MDM-006). 

3.1 TEST SCHEDULE 

The tests were conducted fran July 18 through Au:gust 5. 1988. The 
test schedule is presented in Table 3-1. 

Tests 1 through 11 were conducted on the residential/commercial mix 
from July 18 through 23, and Tests 12 through 29 were conducted on'commercial 
refuse from July 25 through August 5. 

As nearly as practical, all tests consisted of four sarnpl.e trains run 
s irnultaneously: ESA's stack sample, ESA • s boiler exit sample, CARB •s stack 
sample, and CARS's boiler exit sample. ESA and CARS stack samples were always 
simultaneous with each other (within a tolerance of five minutes}. Boiler 
exit samples were not always simultaneous with each other or with the stack 
due to numerous probe plugging problems, probe breakages, and equipment 
malfunctions. However, the two test tear.ts always began within 30 minutes of 
each other. 

Each type of test was performed in triplicate for each fuel mix, 
except that the semi-YOST tests while firing the commercial/residential mix 
were only pe rfonned in duplicate. 
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TABLE 3-1. TEST SCHEDULE FOR WTEDP EKISSION TESTS AT Cfl.1t-1ERCE REFUSE-TO-ENERGY FACILITY (Page 1 of 4) 

Date~ Start Stop Loca-Test No. 1988 Time Time Type of Test tion Comments 

Tests 1 through 11 on residential/c~rcial mix 

~ 1-S:t ack -OF 7/18 1431 1900 Di oxi n/Furan Stacie 1-Inlet-DF 7/18 1432 1910 Dioxin/Furan lnlet 

2-Stack-M5 7/19 1000 1219 H5 Stack 
2-Inl et-M5 7/19 1003 1214 M5 Inlet 
2 -Stack -SOx 7/19 1010 1210 sox Stack 2-Inl et SOx 7/19 1000 1135 sox Inlet Stopped early-

filter plugged 

3-Stack-Mtls 7/19 1400 1820 f".eta 1 s Stack 3 -Inl et-Mtl s 7/19 1545 1735 Metals ltnl et Broken & plugged 
probe 

4-Stack-DF 7/20 0905 1507 Di oxi n/Furan S'tack 4-Inl et-DF 7/20 0902 1500 Di oxi n/Furan f:nlet 

4-Stack-HCx 7/20 1452 1552 Bag HC Stack Triplicate bags 4-Inlet-HCx 7/20 1452 1551 Bag HC Inlet Trip~icate bags 

5-Stack-Mtls 7/20 1645 2023 Metals Inlet Delay for 
and 2140 2239 power failure 5-Inl et-Mtl s 7/20 1650 2021 Metals I.nlet Delay for 
and 2140 2235 power failure 

6-Stack -SV 7/21 0855 1340 PAH/PCB S>tack 
6-Stack-SV 7/21 0855 1342 PAH/PCB Inlet 

7-Stack-M5 7/21 1455 1705 Method 5 Staa:lc. 
7 -Inl et-N5 7/21 1455 1705 Hethod 5 In he!: 
7 -Stack -SOx 7/21 1455 1705 sox Sta-c~ 
7-Inlet-SOx 7/21 1609 1709 sox Inlet 

8-Stack-DF 7/22 0915 1330 Di oxi n/Furan Stack 8-Inlet-DF 7/22 0915 1337 Oi oxi n/Furan !nl et 
8-Stack-TCA 7/22 1242 1333 Total HC Stack Two samples 

9-Stack-Mtl s 7/22 1440 1853 Metals stack 
9-Inl et-f.1tl s 7/22 1440 1853 Metals Jlnlet 
9-St ack-CEM 7/22 1810 1910 Gaseous Stack 
9-Stack -Nit 7/22 1800 1832 Ni tros ami nes Stack 
9-Inlet-Nit 7/22 1800 1834 Ni trosami nes Inlet 

(continued 
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.... 

TABLE 3-1. TEST SCHEDULE FOR WTEDP ~ISSION TESTS 
AT Ca.1MERCE REFUSE-TO-ENERGY FACILITY (Page 2· of 4} 

Date, Start Stop loca-
Test No. 1988 Time Time Type of Test tion Comments 

10-Stack-SV 7/23 0815 1229 PAH/PCB Stack 
10-lnl et-SV 7/23 0815 1240 PAH/PCB Inlet 
10A-Stack-CEM 7/23 0805 0835 Gaseous Stack Stopped for-

and 0920 0950. plugged line 108-Stack-CEM 7/23 1005 1105 Gaseous Staclc 
lOA-Stack-Nit 7/23 1029 1049 Ni trosami nes Stack 
lOA-Inlet-Nit 7/23 1020 1040 Nitrosami nes Inlet 
lOB-Stack-Nit 7/23 1101 1121 Ni trosami nes Stack 
lOB-Inlet-Nit 7/23 1101 1121 Ni tros ami nes Inlet 

11-Stack-M5 7/23 1410 1623 Method 5 Stack 
11-Inl et-M5 7/23 1432 1623 Method 5 Inlet 
11-Stack-SOx 7/23 1410 1623_ .. SOx Stack 
11-Stack -SOx 7/23 1523 1623 sox Inlet 

Tests 12 through 29 on commercial refuse 

12-Stack-SV 7/25 1420 -1837 PAH/PCB Stack 
12-Inl et-SV 7/25 . 1420 1837 PAH/PCB Inlet 
12A-Stack-Nit 7/25 1433 1503 Ni tros ami nes Stack 
12A-Inlet-Nit 7/25 1434 1504 Nitrosami nes Inlet 
128-Stack-Nit 7/25 1515 1545 Ni tros ami nes Stack 
128 -In 1 et-Ni t 7/25 1515 1545 Nitrosa:ni nes Inlet 
12C -Stack-Nit 7/25 1611 1641 Ni tros ami nes Stack 
12C-In 1 et-Ni t 7/25 1611 1641 Ni tros a11i nes Inlet 

13-Stack -Mtl s 7/26 1200 1623 Metals Stack 
~ 

13-Inl et-Htl s 7/26 1200 1553 t1eta1 s Inlet Stopped early-
probe plugged 

14-Stack-M5 7/26 1720 1928 Method 5 Stack 
14-Inl et-M5 7/26 1720 1928 t1ethod 5 Inlet 
14:..Stack-SOx 7/26 1720 1928 sox Stack 
14-Inl et-S~x 7/26 1720 1843 sox Inlet Stopped early-

filter plugged 

15-Stack-DF 7/27 0835 1249 Dioxin/Furan Stack 
15-Inl et-DF 7/27 0906 1258 Dioxin/Furan Inlet 

16 -Stack -Htl s 7/27 1435 1855 Metals Stack 
16-Inlet-Htls 7/27 1455 1855 Metals Inlet 
16-Stack-TCA 7/27 1600 1630 Tot a 1 HC Stack 

(Continued) 
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TABLE 3-1. TEST SCHEDULE FOR WTEOP EMISSION TESTS 

AT COMMERCE REFUSE-TO-ENERGY FACILITY (Page 3 of 4) 

Date,· Start Stop loca-
Test No. 1988 Time Time Type of Test t:ion Comments 

17 -Stad: -OF 7/28 0835 1248 Dioxin/Furan Stack 
17~Inl et-DF 7/28 0835 1248 Dioxin/Fur an Inlet 

17 -Stack -HCx 7/28 0945 1032 Bag HC Stack Triplicate bags 
17 -In 1 et-HCx 7/28 0945 1032 Bag HC Inlet Triplicate bags 

18-Stack -Ht 1 s 7/28 1355 1810 Metals Stack Baghouse leak 
18-Inl et-Mtl s 7/28 1355 1810 Metals Inlet 

18A.-Stack~EM 7/28 1350 1456 Gaseous Stack 
1 ffi -Stack -C EM 7/28 1506 1608 Gaseous Stack 
18C-Stack~EM 7/28 1622 1714 Gaseous Stack 

19-Stack-SV 7/29 0855 1310 PAH/PCB Stack 
19-Inl et-SV 7/29 0855 1310 PAH/PCB Inlet 

20-Stack-M5 7/29 No test Method 5 Stack Sampling problems-
20-Inl et-M5 7/29 1500 1710 Method 5 Inlet results not reporte 
20-Stack-SOx 7/29 1510 1655 sox Stack 
20-Inl et-SOx 7/29 1500 1713 sox Inlet 

21-Stack-M5 8/1 0830 1035 Method 5 S~ack Repeat of 
21-Inlet-HS 8/1 0830 1035 Method 5 Inlet ifest 20 
21-Stack-SOx 8/1 0830 1035 sox Stack 
21-Inl et-SOx 8/1 0835 1035 sox Inlet 

22-Stack-DF 8/1 1145 1555 Oioxin/Furan Stack. 
22- Inl et-DF 8/1 1145 1245 Di oxi n/Furan Inlet Broken prpbe and 

and 1357 1537 plugged filter 

23-Stack -Cr 8/2 0855 1305 Chromium Stack 
23-In 1 et-Cr 8/2 0855 1305 Chranium Inlet 

24-Stack-SV 8/2 1400 1810 PAH/PCB Stacie 
24-Inl et-SV 8/2 1405 1820 PAH/PCB Inlet 

25-Stack-Cr 8/3 0830 1235 Chromium Stack 
25-Inlet-Cr 8/3 0830 1205 Chrani urn Inlet Stopped early-

plugged filter 

26 -Stack -Cr 8/3 1500 1915 Chromium Stack 
26-Inl et-Cr 8/3 1500 1915 Chrooi urn Inlet 

(Continued 
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TABLE 3-1. TEST SCHEDULE FOR WTEDP a•ESSION TESTS 
AT COMf<tERCE REFUSE-TO-ENERGY FACILITY (Page 4 of 4) 

Date, Start Stop toea-
Test No. 1988 Time Time Type of Test ·tion Comments 

26A-Stk -CH20 8/3 1500 1550 Formal de hyde Stack 
26B-Stk-CH20 8/3 1635 1735 Fonnal de hyde Stack 

27 -Stack -M5 8/4 0845 1056 Method 5 Stack 
27-Inl et-MS 8/4 0912 1012 Method 5 Inlet Plugged filter 
27 -Stack -SOx 8/4 0845 1055 sox Stack 
27-Inlet-SOx 8/4 0912 1022 sox Inlet 

28-Stack -OF 8/4 1205 1616 Dioxin/Furan Stack Exchange test 
28-Stk-CH20 8/4 1505 1605 Fonnal dehyde Stack 

29-Stack-Mtls 8/5 0755 1215 Metals Stack Repeat o"f 
29-Inl et-Mtl s 8/5 0755 1215 Metals Inlet Test 18 

3.2 SAMPLE LOCATIONS 

Stack samples were colle-cted at sample ports which meet EPA Method 1 
requirements of being at 1 east two stack diameters downstream and one-half 
stack di arneter upstream of the nearest flow disturbance·. 

All isokinetic tests (particulate, metals, chrome, dioxin/furan, and 
semi-VOST tests) were perfonned by traversing two stack diameters using points 
selected accordingly to EPA Method 1. 

Gaseous samples at the stack (hydrocarbon, nitrosamine, formaldehyde, 

sox• and CEM) were collected at single points since earlier gaseous testing on 
this unit showed no stratification of gaseous species. 

At the boiler exit, the same sample ports used in 1987 were used. 
Although these ports are less than two duct diameters downstre&n of the 
nearest flow disturbance, three-dimensional velocity testing perfonaed 
according to EPA Hethod 1 showed that flow angles are acceptable under 

Method 1 criteria. 

Because of the presence of two test crews at this location, the 
proximity of the sample ports to each other, and the use of 12- to 14-foot 
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glass probes~ switching ports during a test as was done at the stack presented 
a high risk of breaking probes or other sample train components. With'. the 
tight test schedule, such a breakage would have resulted in complete Toss of a 
boi1er exit test or an unacceptable delay in the full test program. 

Therefore, all tests at the boiler exit were conducted by traversing a 
single port per test run. For each set of triplicate sample runs. a different 
port was used for each run. Thus, a set of triplicate tests included one 
sample collected in the A port, one in the 8 port~ and one in the C port. In 
this way a full traverse was conducted over the cours-e o"f a set of three 
tests. 

3.3 TEST PROCEDURES 

The procedures used for these tests are presented in Table 3-Z. 
Included in the table are sample durations, collection amd analytical methods~ 
approximate detect ion 1 imi ts~ and the 1 aboratory that perf'onned the analyses. 

Each test series included triplicate runs on ea~ test fuel conducted 
simu1taneously at the boiler exit and stack. In order to obtain the maximum 
amount of data within the scheduling constraints of the progr~, sampling 
consisted of use of the following ten s~~ple trains: 

1. PCDD/PCDF: 4-hr samples 

2. Semi-VOST: 4-hr samples 
PAH, PCB, chlorobenzenes~ chlorophenols 

3. Hetal s: 4-hr samples 
2 impingers with HN03 following by one impfnger with KMn04 for Hg collection 

4. Particulate/HF/HCl/Be: 2-hr samples 
HCl collected in back-up impi ngers containing NaOH 
Na and K measured from this sample due to interferences on the metals train · 

5. Chlorinated volatile hydrocarbons: 15-min integrated bag samples 

6. Nitrosamines: 30-minute samples 

7. Sulfur oxide: 2-hr samples, simultaneous with particulate 
tests 
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TABLE 3-2. 
TEST PROCEDURES TO DE USED FOR WTEOP TEST SERIES 

-Sarnpl lng Approximate Sample Speefes Duration Coli ect ton ~lethod Analytical Method Detection Lfmlt Laboratory Train No, 
Metals 4 hrs Method 5 w/glass probe, See Table 3-3 See Table 3-3 See Table 3-4 3 Teflon-coated f11 ter and 

nitric acid In fmplngers 
(EPA 12, CARD 424) 

PCDO/PCDF 4 hrs ASI1E Ser.1l -VOST GC/HS See Table 3-5 Triangle Labs 1 

PAll, PCB, 2 hrs ASHE Sem1-VOST* GC/MS See Table 3-6 Triangle labs 2 Chl orobenzenes 
Chi orophenol s 

Ch 1 orobenze ne, 20 min Tedlar bag GC/MS 0.1 ppb CT Labs 5 Chlorophenol, and 
other Volat11e 
Chlorinated Hydrocarbons 

Total Part 1culate 2 hrs EPA 5 with SCAQMD Gravimetric/ o. 001 gr/dscf ESA 4 condensible analysts ,t1tr1metr1c 
HCl 2 hrs lmplngers with NaOH Mercuric nitrate 1 ppm ESA 4 titration 

w IIF 2 hrs lmpfngers ~lth NaOH Specl ftc ton · 1 ppm ESA 4 I electrode ....., 
Be ' 2 hrs EPA · AA See Tab I e 3-3 See Table 3-4 1-4 
Nf trosamf nes 30 min. Sample through sorbent GC 10-25 ng/ml Thennedfcs 6 cartridge 

Vel oct ty and l~ohture ~- EPA 1-4 In conjunction ESA with trafns 1·4 

Oz .... Portable o2 In conjunction 
with train' 1-4 at bofler •~It 

so11 2 hrs SCAQMD Method 6.1 r~ trfmetrfc;- 0,5 ppm ESA 7 
form~l do hyde fiO mfn, Oraft GMU 4JO UPLC Radtan a 
Chrontum 4 hrs Wet fmp1 ngement CARD 425-colo,f· 1 ug for crfi Colorfmetrfc-ESA 9 rr1 

'·. metrfc for Cr , 0. 5 ug for Cr AA-Curtfs & ~ 
AA for Cr Tomkins ::c 

I 

N Total Hydrocarbons 30 mtn. Evacuated tank w/cold GC/FID for vola• 0.5 ppm, for vola· Truesdafl 10 0 
trap, SCAQMD Method 25,1 tiles, GC/NDlR for tiles, so ppm c.n 

w condonsfblu for condensfbles .f:a 
I 

0'\ 
*Except for monochlorobenzenq and monoc~lorophenol, whtch are too vol1tlla to be coll,cted with the semi-YOST 

N ... metho4. 
NOTE: One blank collected and an41yzed for each type of test, 



' . 

' 

8. Formaldehyde: 20- to 60-minute s~~ples at stack only 

9. Chromium: 4-hr samples collected by SCAQMD wet i.mpingement 
method 

10. Total hydrocarbons: 30-minute duplicate samples at stack 
only 

Additionally, continuous gaseous emissions monitoring (NOx• co. co2• 
o2) was provided at the stack. Gaseous data were collected during each sample 
train run to provide o2 and COz data for molecular weight and dilution 
calculations. and to provide NOx and CO data for informational purposes. 
Three one-hour compliance runs were performed on each fuel using strict EPA 
Method 3A, 7E, and io procedures. 

Continuous SOz data was also call ected, but the results are not 
considered valid due to the low SOz levels, possible NH3 inter~erence. and 
instrument zero drifts which were larger than the measared SOz values. 

At the boiler exit, Oz was measured by a calibrated portable o 2 
analyzer. COz at the boiler exit was determined by dilution calculation based 
on the boiler exit Oz. stack Oz. and stack co2• 

Additional details on gaseous monitoring are included in 
Section 3.3.7. 

CARB and SCAQMD provided continuous gaseous monitoring. at the boiler­
exit and dry scrubber exit, respectively. This data will be utili:zed in a 
more detailed report to be prepared by the Sanitation Oi stricts for- the Waste­
to-Energy Demonstration Program. 

To the fullest extent possible, all tests were conducted simul­
taneously with similar tests performed by CARS. 

3. 3.1 Metals 

The samples used for metal analyses were collected usfng an EPA Method 
5-type sample train. Modifications to the standard train were as follows: 

1. Use of a glass probe (and a glass nozzle at the stack) to 
eliminate possible probe metal contamination of the sample. 
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2. Use of a Teflon-coated filter (per CARS method 424} to 
minimize interference of the filter materia.l with 
collection and analysis. 

3. Use of 0.1 N nitric acid rather than water in the impi ngers 
to ensure collection of any volatile metals that might pass 
through the filter. · 

4. Use of an impinger containing acidified KMn04 downstream of 
the nitric acid impingers to collect Hg. 

5. Concentration of impinger samples by low teuperature {700C) 
evaporation and compositi ng with probe wash and 'filter 
extracts prior to analysis in order to reduce test 
detection 1 imits. This work was performed by ESA in our 
1 aboratory. 

Si nee the particulate 1 oadi ng was very 1 ow at the baghouse exit, four­
hour samples were collect_ed to reduce the detection limits of "the analyses. 
Velocity, moisture, co2, and o2 were .~asured in conjunction with each test. 

Table 3-3 presents the list of metals analyzed, along with the methods 
of analysis and lower detection limits for each metal. Ottler specific aspects 
relevant to the testing were listed in Table 3-4. 

Samples were analyzed by a variety of techniques in order to .achieve 
the required detection limits on all the species of interest. Neutron 
activation analysis (NAA), performed by North Carolina State University, was 
used to analyze a broad spectrum of el emen~s and achieve 1 ow detect ion 1 imits. 

Other methods were used for metals which cannot be measured:· by NAA, 
(bismuth, boron, calcium, lead, phosphorus, potassium, silicon. sodium, and 
tin), and for metals for which lower detection limits were required (a.rsenic, 
beryllium, cadium, chromium, and nickel). These analyses were all performed 
by Curtis & Tomkins, Ltd., in Los Angeles. 

Because of the very low levels expected for these metals, all sampling 
and· sample handling were conducted with a great deal of care to avoid any 
contamination. Table 3-4 outlines some of the techniques used to ensure 
sample integrity such as analysis of a reagent/filter blank, use of virgin 
sample containers cleaned according to EPA methods, and adherence to strict 
chain of custody procedures. 
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3.3.2 Hydrocarbons 

Trace hydrocarbons specified for these tests include polychlorinated 
dibenzodioxins and furans (PCDD/PCDF), polynuclear aromatic hydrocarbons 
(PAH), polychlorinated biphenyls (PCB), chlorophenols, chlorobenzenes. and 
volatile chlorinated hydrocarbons. 

All of the species were collected by the CARB Semi-VOST method 
(Modified Method 5), with the exception of monochlorophenol and monochloro­
benzene, and other chlorinated hydrocarbons which are too volatile to be 
collected in the Semi -VOST train. All species were analyzed by GC/MS. 
Discussions of the two separate methods are presented bel ow. 
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TABLE 3-3. METALS AtlAL VZED 

Analytical Quanti tat ion Test Quantita~on He tal Metal limit, ug/train limit, ug/ * 

Aluminum NAA 75 13 Antimony NAA 0.25 0.042 Arsenic Graphite Furnace AA 0.1 0.02 Barium NAA . 410 68 Be ryll i urn** Graphite Furnace AA .• 2 0.07 Bismuth · Graphite Furnace AA 0.1 0.02 Boron ICP 125 20.8 Cadmium Graphite Furnace AA 0.1 0.02 Calcium ICP 5 0.8 Chromi urn Graphite Furnace AA 0.2 0.07 Hex Chrane Co 1 orimetric 1 0.3 
Cobalt NAA 2.5 0.42 Copper NAA 250 42 
Indium NAA ·- 0.25 0.042 Iron NAA 250 42 
lead Graphite Furnace 2.5 0.42 Magnesium NAA 1,250 208 · Hanganese NAA 0.25 0.04 
Mercury NAA 2.5 0.42 
Mo 1 ybo 1 en urn NAA 25 4.2 
Ni eke 1 Graphite Furnace AA 0.1 0.02 
Phosphorus Colorimetric 50,000 8,000 
Potassium** AAS 10.0 13.3 
Sel eni urn NAA 10.0 1.67 
Silicon ICP : 10 1.7 
Sodium** ICP 10.0 13.3 
Tin ICP 10 1.7 
Vanadium NAA 0.25 0.042 
Zinc NAA 47.5 7.92 

* Assur.1e 6m3 gas sample, 0.25 liter liquid for analysis. Actual gas and 
liquid volumes vary fran test to test. 

** Samples taken from particulate test rather than metals train 
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Sampling Method 

Analytical Method and 
Detection Limits 

Analytical Laboratory 

Sample Volume 

Sample Compositing 

Blank 

Sample Containers 

Chain of Custody 

TABLE 3-4. 
METALS TEST INFORMATION 

EPA 5 with glass probe, Teflon-coated filter, 
nitric acid impingers. 

See Table 3-3. 

North Carolina State University (neutron 
activation analysis) 

Curtis & Tomkins (other methods) 

6 m3 to 9 m3 ( 4-hr samp.l e) 

Fi 1 ter extracted with nitric acid, and composited 
with probe wash and impi nge.rs prior to analysis. 

Filter and reagent blank extracted, composited, 
and analyzed the same as samples. 

Virgin containers (cleaned according to EPA 
procedures) 

-
Maintained by ESA and outside 1 abs on a 11 samp 1 es 

Semi -VOST. PCDD/PCDF, PAH, PCB and chl orobenzenes and chl oropheno ls 
were collected according to the CARS s~i-VOST method. Tetra- through octa­
PCDDs and PCDFs were measured including all 2,3,7,8 isCX"..ers and mono- through 
deca-chl orinated PCB cogeners. Table 3-5 summarizes the pertinent infonnation 
for this test. Detection limits for PAH, PCB, chlorobenzenes, and 
chl orophenols are shown in Table 3-6. In ~his procedure a sample is collected 
isokinetically and passed through a heated Method 5 filter followed by an XAD-
2 sorbent module in a water-cooled jacket. The sorbent module i's followed by 
an impinger train to collect moisture and any species of interest that might 
pass through the resin. 
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Sampling Method 

Analytical Hethod 

Analytical Laboratory 

Expected Detection Levels 

Sample Volumes 

Surrogate Spi lei ng 

Blank 

Fractions Analyzed 

Chain of Custody 

Sample Train Assembly 
and Recovery 

Glassware Cleaning 

TABLE 3-5. 
SEMI-VOST TEST INFORMATION 

ASME Semi-VOST (Modified Method 5) 

GC/MS: 

Triangle Labs 

PCDD/PCDF: 
PAH. PCB: 

0.05 ng/m3 (per homologue class} 
See Table 3-6 

6-8 m3 (4-hr sample) 

Pre- and post test laborato~ spikes ·using 
appropriate surrogate compounds 

Full field blank train assembled. recovered. 
an~- analyzed. 

Probe wash, filter, sorbent module. 
connecting glassware r·inse. and first 
impinger combined 

Maintained by ESA and Triangle labs on all 
samples 

Performed in on-site clean room to minimize 
chance of contamination 

Thorough cleaning followed by DIH2o. ace­
tone, and hexane rinses and h.igh temperature 
bake ' 
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TABLE 3-6. 
EXPECTED DETECTION LIMITS FOR PAH, PCB, CHLOROBENZENES, AND CHLOROPHENOl$ 

ng/sampl e* ng/dscm* 

PAH 

1. Benzo-a-anthracene ** 10-50 3-13 
2. Benzo-a-pyrene ** 10-50 3-13 
3. Benzo-k-fluoranthene ** 10-50 3-13 
4. Chrysene ** 10-50 3-13 
5. Dibenz-ah-anthracene ** 10-50 3-13 
6 Indeno (1,2,3-cd) pyrene 100-500 25-125 
7 Napthal ene 100-500 25-125 
8. Acenapthene 100-500 25-125-
9. Fluorene 100-500 25-125 

10. Phenanthrene 100-500 25-125 
11. Pyrene 100-500 25-125 
12. Benzo[b:fluoranthene 100-500 25-125 
13. Benzo ( gh i) pe ryl ene 100-500 25-125 
14. Acenapthalene 100-500 25-125 

Chlorobenzenes, Chlorophenols (except monochlorobenzenes and monochlorophenol} 
100-500 ;' 25-125 

PCB Is ** 10-50 3-13 

* The lower detection limit represents the target detection limit, and is dependent on the laboratories' ability·to concentrate the sample to .1 ml. 
** These compounds were analyzed using selected ion monitoring and other sophisticated analytical techniques to achieve lower detection limits than are routinely available. 
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In order to provide lower detection limits on the PAH and PCB species 
than were obtained at Commerce in 1987, separate trains were collected for 
PCDD/PCDF and PAH/PCB analyses. The use of separate trains was necessary to 
provide the lowest possible detection 1 imit for PAH's and PCB's • 

Sample analysis was perfonned by Triangle Labs in Research Triangle 
Park, NC. ·Triangle Labs also prepared the resin, loaded the modules and 
extracted the modules and other fractions according to AS~E or EPA 
procedures. Surrogates were introduced to the sample resin before and after 
sampling by Triangle Labs, and the percent recove~ is reported in the 
Appendices. Flow charts of the extraction and analytical procedures used by 
Triangle are shown in Appendix A. 

Chl orobenzene, Chlorophenol, and Other Volatile Hydrocarbons. 
Chlorobenzene and chlorophenol. cannot be measured accurately by the semi-VOST 
method because they are too volatile ~o oe retained on the XAD resin. 
Therefore, samples were collected in Tedlar bags. 

Ten liters of sample were pulled at a sampling rate of llpm. Two 
samples at each 1 ocat i_on plus a blank were cell ected and analyzed for each 
test. The bags were sealed and delivered to CTL Labs in South Gate, _CA, for 
analysis within a target time of 24 to 72 hours of collection. The samples 
were analyzed by GC/HS, with detection limits in the ppb range • 

. Total Hydrocarbons. Total hydroca·rbons were measured by the SCA~D 
total carbon analysis {TCA) procedure, in which a sample is collect_ed in an 
evacuated flask preceded by a supercooled trap. Vol at i1 e species. collected in 
the tank were analyzed by TCA/FID, which has a detection limit on the order of 
1 ppm. Condensible species collected in the trap were analyzed by TCA/NDIR. 
which has a lower detection limit of approximately 50 ppm and is subject to 
significant positive interferences when used on combustion sources. 

3.3.3 Particulate, HCl, HF, and Be 
. Total particulate samples were collected by EPA tlethod 5. SCAQMD 

procedures for analysis were followed, including correction for pseudo­
particulate formed by reaction of NH3 and so2 in the impingers. In order to 
account for sulfuric acid mist, sulfur oxide tests were perfonmed according to 
draft SCAQND t·1ethod 6.1. A sulfur oxide test was perfonned simultaneously 
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with each particulate test at the stack and boiler exit. Single point samples 
were perfonned .at the stack. At the boiler exit, three single point samples 
at three different sample points were perfonned for the three, test runs. 

The probe wash, filter, and impinger samples were analyzed for 
beryllium according to EPA Method 104. Aliquots of the impinger catches were 
analyzed for HCl by mercuric nitrate titration and for HF by specific ion 
electrode (EPA Method 138). In order to ensure that all of the HCl was 
collected, an impinger containing 0.1 N NaOH was used downstream of the two 
water impingers to collect any HCl that might not be collected in water. 
Aliquots of this impinger were proportionally added to aliquots of impingers 1 
and 2 and titrated separately for HCl. 

3.3.4 · · Nitrosamines 

In nitrosarni ne sarnpl i ng, a measured volume of flue gas is drawn fran 
the stack at a rate of 4. 0 1 iters/mi n for 30 minutes through a heated quartz 
probe {200°F) and two Thenno Electron Corp. (TECO) ThernoSorb/N samplers i o 
series containing proprietary sorbent materials. The second cartridge was . 
used as a backup in case of saturation and breakthrough on the first 
cartridge. After the samples were obtai ned, the cartridges were ret~rned to 
the TECO 1 aboratory for analysis. In order to condition the. gas sarnpl e before 
it reached the collecting resin, the resin was preceded by an impinger 
containing a phosphate/citric acid buffer solution reccrmnendedi by Themedics, 
the outside laboratory perfonning the analyses. Samples were collected on the 
same day CARS collected nitrosamine samples, but not at the same time. 
Analyses for nitrosamines were perfonned on the buffer solutia..n and on the 
first cartridge frcxn each test. Si nee detectable levels of nttrosami nes were 
not found on any of the first cartridges, the second cartridges were not 
analyzed. 

. -

The nitrosamines are extracted from the cartridges by a solvent back­
flushing technique. The sample is then analyzed by using a gas ~hromatograph 
designed for nitrosamine measurement. The nitrosamine compounds in the 
carrier gas of the gas chromatograph pass through a catalytic heater where 
N/NO bonds are broken with the release of nitrosyl radicals (NO). The NO 
concentration is then measured by chemiluminescence and used to detennine the 
nitrosamine content of the sample. 
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3.3.5 Formaldehyde 

Formaldehyde samples were collected according to draft CARS Method 
430. Samples were drawn through 2 midget impingers in series, each containing 
an aqueous acidic solution of 2,4-dinitrophenyl-hydrazfne (DNPH). 
Formaldehyde reacts with DNPH by nucleophilic addition on the carbonyl 
followed by 1,2-elimination of water and the fonnation aF the 2,4-
di nitrophenylhydrazone. Acid is required to. promote pro~onat ion of the 
carbonyl because DNPH is a weak nucleophil e. 

After organic sol vent extract ion, the DNPH-for'bla1dehyde derivative is 
detennined using reverse phase HPLC with an ultraviolet (UV) adsorption 
detector operated at 360 nm. 

Fonnaldehyde in the sample is identified and quaat;ified by canparison 
of retention times and area counts, resp~ctively, with t.bose of standard 
samples. 

3.3.6 Chromium 

Total and hexavalent chr~ium were sampled by a dedicated sample train 
using the SCAQMD wet impingement procedure with the exception that a sodium 
hydroxide solution was used in the impingers rather tha-11 water. Analyses were 
according to CARB r~ethod 425. Four-hour samples were collected 
isokine:ically. Total chromium was also measured as part of the full metals 
tests conducted separately. 

3.3.7 Continuous Gaseous Monitoring 

ESA performed gaseous monitoring at the stack during all sample train 
testing. Sampling included three one-hour runs on each ~uel mix by EPA Method 
3A, 7E, and 10 for o2, co2, NOx, and CO. Continuous sampling orutside of these 
three runs was performed during all other testing. Instrut:lE!nts. were 
cal.ibrated. at regular intervals and system bias calibration checks were 
performed once per day. Single-point sampling was used for gaseous species. 
All instrument calibration drift and other CEM performance data were fully 
documented and are included in Appendix 8.3. 
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CO was measured using a TECO Model 48 analyzer. set on the 0-200 ppm 
range. For the rare occasions when CO concentrations momentarily exceeded 200 
ppm, the instrument • s second signal output was set for 0-1000 ppm and 
connected to a data logger. Thus, the 0-200 ppm range covered all normal 
operating conditions while the 0-1000 ppm range covered any upset conditions. 

For NOx, repeated checks during this program and earlier programs at 
Commerce have shown no detectable N02 present in the exhaust gases at the 
stack. 

3.4 QUALITY ASSURANCE 

ESA has a rigorous ongoing QA program to ensure ~hat high-quality data 
is obtained and to ensure full documentation of test details. The QA program 
includes: 

are: 

1. Appointment of a Quality Assurance officer 'for ESA's Source Test Division. 

2. Preparation of a QA manual for internal use. 

3. Standardilation of reporting and review procedures. 

4. Impl enentat ion of chain of custody procedures on all 
samples and data sheets. 

5. Scheduling of internal QA and trai.1i ng meetings. 

6. Complete document at ion of instrument ca 1 ibrat ion and CEM perfonnance data. 

7. Adherence to method-specific QA procedures £or all testing. 

8. Personnel training. 

· 9. Monitoring of new and emerging methods and 'technologies. 

Specific QA data which is included.in the appendices of this report 

1. Equipment calibration data 
2. CEM calibration 
3. C8-1 pe rfo nna nee data 
4. Chain of custody on all sa~ples 
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ESA participates in EPA's audit programs for Method 5, 6. and 7. and 
·-

is certified by the California Air Resources Board under its Independent 
Source Tester's Approval program. Additional QA i nfonnation is presented in 
Appendix B. 

For this program, an additional QA procedure was performed for the 
PCDO/PCDF tests. On the fourth PCDD/PCDF sample collected while firing 
ccr.tmercial refuse, ESA's ·sample was sent to CARS's contractor (CAL Labs) for 
analysis and CARS's sample was sent to ESA's contractor (Triangle labs) for 
analysis. 
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SECTION 4.0 

RESULTS 

This section presents the results of the air emission tests during the 
WTEDP project at Commerce, along with discussions relevant to how details of 
sampling and analysis may impact interpretation and use of the results. The 
results of the criteria pollutant tests are presented in Section 4.1. and the 
results of the noncriteri a pollutant tests are presented in Section 4. 2. Data 
sheets, calculations, laboratory reports, and quality assurance infonmatfon 
are included in the Appendices. 

4.1 CRITERIA POLLUTANTS 

The results of the criteria pollutant tests are summarized in 
Table 4-1. Emission rates for all species were below SCAQHD prohibitory rul_es 
and penn it conditions. Detailed results of the tests are presented in the 
following tables: 

Table 4-2. 
Tab 1 e 4-3. 
Table 4-4. 
Tab 1 e 4-5. 
Table 4-6. 
Table 4-7. 
Table 4-8. 
Table 4-9. 

NOx and CO with residential /commercial mix 
NOx and CO with commercial refuse 
Gaseous emissions for full test program 
Particulate emissions with residential/commercial mix 
Particulate emissions with commercial refuse 
Sulfur oxide emissions with residenti al/comrnercial mix 
Sulfur oxide emissions with commercial refuse 
Total hydrocarbons 

All of the test results for the criteria pollutants are considered 
representative of the emissions from the C6mmerce facility, with the exception 
of the condensible hydrocarbon results. 

These results, as shown in Table 4-9, indicate condensible hydrocarbon 
concentrations of approximately 145 ppm. These results are considered invalid 
for two major reasons: 
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1. Interference by co2 and H2o is known to cause false 
positive readings on the condensible hydrocarbon fraction 
of the TCA test. The interference occurs due to the 
following mechanism: 

a. 

b. 

c. 

d. 

e. 

During sampling, flue gas moisture condenses into 
liquid water in the unheated sample line between the 
stack and the trap. 

co2 tn the stack gas dissolves in .the water until 
equilibrium is reached. · · 

The water/C02 solution is frozen in the trap. which is 
immersed in dry ice. 

Prior to sample analysis, the trap is purged to remove 
all gaseous carbon species. However, t:he co2 present • 
in the frozen water remains in the trap, since the 
purge is conducted while the trap is still cooled. 

When the trap is he_q_ted· to convert all Jlydrocarbons to co2 for measurement, the co2 still frozen in the trap 
is released and erroneously measured as condensible 
hydrocarbons. 

This mechanism was . .documented and described in an EPA­
sponsorec! report entitled ~~r~ethod 25 Evaluation: 
Evaluation of Trap Recovery Unit Design•, ~port. No. _ 
82SFS1-3-2. The levels of interference doc1Jmented in that 
report are on the order of several hundred ppm. 

2. The levels of condensible hydrocarbons reported indicate a 
high level of products of in.complete combustion. However, 
all other products of incomplete combustion measured ~t the 
stack during the test program {CO, CH4, volatile ; 
hydrocarbons, condensible organic particulate, di).oxins, 
etc.) were extremely low. Hydrocarbon measuremen1ts 
recorded by CARB during the program using CARS Method 1-10 
we re a 1 so very 1 ow ( <5 ppm) • 

This fact, combined with the C02/H20 interferences 
described above, indicate that the levels of condensible 
hydrocarbons measured for these tests are artifacts of the 
test procedure and do not represent actual emissions. For 
this reason, reported mass emission rates for hydrocarbons 
are based on the volatile hydrocarbon fraction only. 

4-2 ESR 20534-621 



.. . . . 

TABLE 4-1. 
StJ~MARY OF CRITER lA POLLUTANT EMISSIONS. CCJ.tHERCE REFUSE-TO-ENERGY FACILITY • 1988 

Mixed Commercial SCAQMD Emission Units Species Fuel Fuel limit Rule No. 
NOx*: ppm at 3% o2 144 134 225 476 lb/hr 36.4 35.8 41 permit 
SOx: ppm at 3% o2 1. 6 4.9 500 407 1 b/hr 0.9 1.7 9 permit 
CO*: ppm at 3% o2 36 26 2.000 407 1 b/hr 5.5 4.1 18 permit 
HC by TCA/FID**: ppm at 3% o2 12 9 

1 b/hr 1.09 0.84 3 pennit 
Total Particulate: 

g r/dscf at 12% co2 0.0050 0.0066 gr/dscf at 3% o2 0.0063 0.0086 0.01 476 1 b/hr 1.85 2.53 11 476 
5.5 pennit 

Solid Particulate, 1 b/hr 0.52 0.28 

* Data presented are for the compliance runs performed according to strict EPA test procedures. Additional NOx and CO data for all tests are presented in Table 4-4. · 
** Results for condensible hydrocarbons are considered invalid due to interferences, so only volatile hydrocarbon values are presented. See Section 4.2.1 for discussion. 
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TABLE 4-2. NOx AND CO EMISSIONS ON RESIDENTIAl/CC*tMERCIAL MIX 

Test No. 9 lOA lOB Avg. 
Date. 1988 7/22 7/23 7/23 

.- Sample Time 1810-1910 0805-0835 10~5-1105 .. 

and 0920-0950 

02· % 9.9 9.5 9.7 9.7 
C02, % 9.5 9.4 9.6 9.5 
Stack flow, dscfm 54,780 55,670 55,670 55,.370 

NOX: ppm 84 106 81 90 
ppm at 3% o2 137 166 129 144 
lb/hr 33.5 42.9 32.8 36.4 

CO: ppm 23 23 21 22 
ppm at 3% o2 37 36 34 36 
1 b/hr 5.6 5. 7 5.2 5.5 
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TABLE 4-3. NOx AND CO EMISSIONS ON COMMERCIAL REFUSE 

Test No. 18A 188 18C Avg. 
·Date, 1988 7/28 7/28 7/28 
Sample Time 1350-1456 1506-1608 1622-1714 

02, % 9.6 9.4 - 9.Z 9.4 
C02, % 9.9 9.9 . 10.0 . 9.9 
Stack f1 ow, d scfm 57,060 57,060 57,060 57,060 

NOX: ppm 98 87 74 86 
ppm at 3% o2 155 135 113 134 -1 b/hr. 40.7 36.1 30.7 35.8 

CO: ppm 18 15 16 16 
ppm at 3% o2 29 23 24 26 
1 b/hr 4.6 3.8 4.0 4.1 
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TABLE-- 4-4. GASEOUS EMISSION RESULTS FOR FULL TEST PROGRAM 

NOX @ co @ 
Type of NOx co Oz C0;2. 3% o2 3% o2 Test Date Test ppm ppm % l ppm ppm 

Tests 1 through 11 on residential/commerc.i.al mix 
1 7/18 Dioxin 89 41 13.0 6 •. 8 213 115 2 7/19 Method 5 90 22 10.2 9.1 151 37 .. 
3 7/19 Hetals 67 22 9.5 10.1 10':5 35 

.. 

4 7/20 Dioxin 80 26 9.6 9.3 12.6 41 5 7/20 ~1etal s 74 19 9.5 10.1 114 . 30 
6 7/21 PAH/PCB 136 23 9.7 9 ... 2 211 34 7 7/21 Method 5 81 19 9.3 10.1 126 30 8 7/22 Dioxin 85 23 9.7 9.3 138 37 9 7!22 Metals 73 ~ . 22 9.6 9.9 116 35 10 7/23 PAH/PCB 91 22 9.7 9.5 145 35 

11 7/23 Method 5 96 18 9.6 9.3 15'1 28. 
·-

Te~ts 12 through 29 on commercial refuse 

12 7/25 PAH/PCB 76 48 8.6 10.1 111 70 13 7/26 Metals 83 25 8.8 10.0 123 38 14 7/26 Method 5 82 16 9.0 10.6 124 24 15 7/27 Dioxin 94 2l 9.3 10.2 144 33 

16 7/27 Metals 88 22 8.2 10.2 124 31 17 7/28 Dioxin 95 16 9.6 9.8 151 : 25 18 7/28 Metals 86 15 9.2 10.1 132 24 19 7/29 PAH/PCB 80 20 9.9 9.6 130 33 20 7/29 Method 5 82 29 9.6 10.0 132 46 

21 8/1 Hethod 5 65 17 9.6 9.9 103 26 22 8/1 Dioxin 93 18 9.2 10.1 141 28 23 8/2 Chrome 86 40 9.9 9.8 134 61 24 8{2 PAH/PCB 106 14 9.1 10.0 160 21 25. 8/3 Chrome 94 14 9. 3 9.9 144 22 

26 8/3 Chrome 92 27 9.2 10.1 141 41 
27 8/4 Method 5 77 18 10.2 9.3 127 32 28 8/4 Dioxin 81 18 9.8 9.6 130 29 
29 8/5 Metals 98 15 9. 5 9.8 153 24 
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TABLE 4-5. PARTICULATE EMISSIONS WHILE FIRING RESIDENTIAL/COMMERCIAL MIX 

Test No. 2 7 11 Avg. 
Stack; 

o~. s 10.2 9.3 9.6 9.7 
c ~· % 9.1 10.1 9.3 9.5 H %. 18.4 21.1 20.1 19.9 sfa~k Temp., OF 280 278 287 282 
Gas F1 ow: wacfm 103,800 91,500 99,700 98,300 dscfm 59,300 50,700 55,100 5s;ooo 
Total Particulate: 

gr/dscf .0051 .0052 .0015 .0039 gr/dscf at 12% co2 .0068 .0062 .0019 .0050 gr/dscf at 3% o2 • 0085 . .0080 .0024 .0063 1 b/hr 2.59 2.26 0. 71 1.85 
Solid Particulate, lb/hr 0.38 0.60 0.59 0.52. 

Boiler exit: 
0~, % 8.7 8.2 8.3 8.4 
c 6' % 10.3 11.1 10.4 10.6 Hz , s 17.6 15.5 17.7 16.9 Gas Temp., OF 537 549 548 545 

Gas flow: wacfm 119,600 112,100 121,700 117,800 
dscfm 51,000 48,400 51,100 50,200 

Total particulate: 
0 gr/dscf 2.46 1. 72 1.31 1.83 

1:7 ,t !~ gr/dscf at 12% co2 2.87 1.86 1.52 2.08 
gr/dscf at 3% o2 3.61 2.43 1.86 2.63 
1 b/hr 1,078 712 575 788 

Solid particulate, lb/hr 1,078 640 560 759 

Removal efficiency 99.76 99.68 99.88 99.77 for total particulate, % 
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TABLE 4-6. PARTICULATE EMISSIONS WHILE FIRING COM1HERCIAL REFUSE 

Test No. 14 21 27 Avg. 
- .. ..... 

Stack: 
0~, % 9.0 9.6 10.4 9.7 
c a' % 10.6 9.9 9.1 9.9 
Hf , % 20.2 17.8 20.8 19.6 
Sack Temp., OF 280 272 275 276 

Gas F1 ow: wacfm 96,800 91,500 1()0,400 96,200 
dscfm 54,000 53,200 56,000 54,400 

... "' 71' .... ~' b/;:-t•\'" - '2 r 'c=-:; l .. .i:?/h..,·. ~ .: .... ... . -
Total Particulate: 

gr/dscf .0071 . .0042 ..0050 .0054 
gr/dscf at 12% co2 .0081 .0051 .. 0066 .0066 
gr/dscf at 3% o2 .0106 .0067 .. 0086 .OOS6 
1 b/hr 3.30 1. 91 2.39 2.53-

Solid Particulata, 1 b/hr 0.17 0.37 0.29 0.28 

Boiler exit: 
OB, % 8.4 7.8 7.2 7.8 
c a· % 11.1 11.4 11.9 11.5 
Hz , % 16.1 13.3 14.7 14.7 
Gas Temp., OF 569 519 553 547 

Gas f1 ow: wacfm 122,100 102,600 106,600 110,400 
dscfm 51,200 46,800 46,200 . 48,100 

Total particulate: 
gr/dscf 2.03 0.63 0.90 1.19 
gr/dscf at 12% co2 2.20 0.67 0. 91 1.26 1 ~I gr/dscf at 3% o2 2. 91 0.87 1.18 1.65 i 'f / 

L .• 

1 b/hr 890 254 357 500 

Solid particulate, lb/hr 873 245 342 487 

Removal efficiency 99.63 99.25 99.33 99.49 
for total particulate, % 
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TABLE 4-7. SULFUR OXIDE MEASUREMENTS WHILE FIRING RESIDENTIAL/COMMERCIAL MIX 

Test No. 2 7 11 Avg. 

Stack: 
so2, ppm 0.83 0.52 3.04 1.46 so2, ppm at 3% o2 1.38 0.80 4.78 2.32 

H2so4, ppm 0.03 0.20 0.09 .11 Hzso4, ppm at 3% o2 0.04 0.31 0 .. 14 •• 16 

SOx, ppm 0.86 0.72 3.13 1.57 sox, ppm at 3% o2 1.42 1.11 4.92 2.48 sox, lb/hr as so2 o. sa. . 0.37 1.75 0.88 

Boiler exit: -so2, ppm 74 74 110 86 so2, ppm at 3% o2 107 105 156 123 
H2so4, ppr.t ·· · · 20 16 8 15 
Hzso4, ppm at 3% o2 28 22 11 20 

SOx, ppm 94 90 118 101 
sox, ppm at 3% o2 135 127 167 143 
sox, lb/hr as so2 48.5 44.1 61.0 51.2 

Spray dryer/baghouse 
removal efficiency 98.9 99.2 97.1 98.3 
for SOx, % 

4-9 ESR 20534-621 



TABLE 4-8. SULFUR OXIDE MEASUREMENTS WHILE FIRING CrniMERCIAL REFUSE 

Test No. 14 21 27 Avg. 

Stack.: 
.. so2 • ppr.1 . .60 2.09 6.15 2.95 so2• ppm ~t 3% o2 .90 3.31 10.25 4.82 

H2so4• ppm .07 .03 .01 .04 Hl$04• ppm at 3% o2 .10 .05 .02 .06 

SOx, ppm .67 2.12 6.16 2.98 
sox, ppm at 3% o2 1.00 3.36 10.27 4.88 
sox• lb/hr as so2 0.37 1.14 3.49 1.67 

Boiler exit: 
so2, ppm 123 100 109 111 so2• ppm at 3% o2 176 137 143 152 -
H2so4, ppm 22 7 9 13 
HZS04, ppm at 3% o2 31 10 12 18 

SOx, ppm 145 107 118 - 123 
SOx, ppm at 3% 02 207 147 155 170 
sox, lb/hr as so2 75.2 50.7 55.3 60.4 

Spray dryer/baghouse 
removal efficiency 99.5 97.8 93.7 97.2 
for sox• % 
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TABLE 4-9. HYOOOCARBON EMISSIONS AT STACK 

Fuel Residential/Commercial Cornr.Jerci a 1 
Test No. 8 16 

CO, ppm 39 28 
C02, % 9.9 9.2 
CH4, ppm <1 1 

NMHC: 

Volatile, ppm as C1 8 6 
Condensible, ppm as ·C1* 141 149 

Volatile, ppm at 3% o2 12 9 
Vo 1 at i1 e, 1 b/hr as CH4 1.09 0.84 

*Condensible hydrocarbon results are considered invalid. See text for discussion. 
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4.2 NONCRITERIA POLLUTANTS 

This section presents the results of the noncriteria pollutant 
tests. The results are summarized in Tab 1 e 4-10. Detailed results are 
presented in the following subsections:. 

4.2.1 Dioxins/Furans 
4.2~2 Semi -vo latHe organics 
4.2.3 Trace metals 
4.2.4 Volatile organics 
4.2.5 Formaldehyde 
4.2.6 Ni trosarni nes 
4.2.7 Acid Gases 

The subsections also include d-iscussions of several anal,7sis-related issues 
that have significant impact on presentation and interpretation of the 
results. The following symbols are used in the results tables presented ia 
this section: 

NO not detect:ed. This indicates that detectable levels were not found for the species of interest. 

E estimated. This tenn is used for certain dioxin/furan isomers for which levels were above the dete~tion limit but below the quantitation limit, which is the level at whicb results can be precisely quantified. 

< less than. For organic species, this symbol is used when the values used to determine a calculated result (either an average of several tests or a summation of several individual compounds such as total PCB, total PAH. etc.) include at least one value above the detection level and at least one value below the detection level. For metals. the less than symbol is used for all elements measured at levels below the quantitation limit. The quantitation limit is generally higher than the detection limit For an analytical procedure. Quantitation limits are a furuction of such factors as detection limits, interferences,. and blank values. For many of the metals, quantitation levels were significantly higher than the detection levels presented in the-test plan. 

N/A not available. This is used in results tables when a result is not available either because a test was not run or because an analytical result caul d not be obtai ned. 
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TABLE 4-10. SUMMARY OF NON-CRITERIA POLLUTANT EMISSIONS. 
COMHERCE REFUSE-TO-ENERGY FACILITY .. 1988 

Total P~DD/PCDF: 
ng/Nrn at 12% co2 

PCDD/PC~ Toxic Equivalent by CA DOHS: 
ng/Nrn at 1~ co2 

Total PAH, ug/Nm3 at 12J C02: 
excluding naphthalene 
including naphthalene 

Total PCB, ug/Nm3 at 12% C02: 

Chlorob3nzenes and chlorophenols: 
ug/Nm at 12% co2 

Total Chlorinated HC, ppb 

He tal s, ug/Nm3 at 12% co2: 
Arsenic 
Beryll i urn 
Cadmi urn 
Chromium 
Lead 
Hercury 
Nickel 

Formaldehyde, ppm at 3% o2 

Nitrosamines, ug/Nm3 at 12% co2 

HCl, ppm at 3% o2 

HF, ppm at 3% o2 

NOTES: 

Mixed Fuel 

1 1.94 2 
10.72 

0.17~ 
0.36 

<0.15 
<0.47 

ND<O. 385 

NO <1.8 

<1.2 

<0.16 
<0.19 
2.0 
2.4 
2. 0 
41 
6. 3 

ND<S.l 

9.4 

0.074 

Commercial Fuel 

3.26 

0.22 

<.095 
<1.3 

<0.093 

<2.8 

<1.0 

<0.08 
<0.17 
0.4 
<0.3 
3.2 
76 

<0.28 

0.12 

ND<3.9 

7.0 

0.087 

1. Excluding Test 1, which was conducted at reduced load and during 
combustion upset conditions 

2. In cl udi ng Test 1 
3. Heasured naphthalene 1 evel s were high for test sampt es and blanks due to 

interferences 
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4.2.1 Dioxins/Furans 

l- The res'l.1lts of the dioxins/furan tests are presented in the following 
tables: 

Table 4-11 
Table 4-12 

Table 4-13 

· Table 4-14 

Table 4-15 

Table 4-16 

Summa~ of dioxin/furan emissions 
Dioxin/furan emissions at stack while firing commercial/ 
residential mix 
Dioxin/furan emissions at boiler exit while firing 
commercial/residential mix 
Dioxin/furan emissions at stack while firing commercial/ 
refuse 
Dioxin/furan emissions at boiler exit while firing 
commercial refuse 
Average toxic equivalent emissions at stack by CA DOHS 
Method IV 

Detailed results for each test are included in Appendix C.3 

The results show that total dioxin/furan emissions at the stack 
(corrected to 12% co2}. a.t nani nal fu11 1 oad ope rat ion were on average 
1.9 ng/Nm3 while firing mixed fuel and on average 3.3 ng/Nm3 while firing 
canmerci al refuse. At the boiler exit, total PCDD/PCDF levels averaged 
739 ng/Nm3 on mixed fuel and averaged 834 ng/Nm3 on commercial refuse. 

There are several factors rel a tinge to the results that have 
implications on their interpretation. These are discussed below. 

Stack Emissions for Test 1. Stack dioxin/furan emissions for Test 1 were 28.3 
ng/Nm3, compared to 1.2 to 4.0 ng/Nm3 for all of the other five stack 
samples. As was discussed in Section 2.0, unit operation during Test 1 was 
not normal, due primarily to the fact that boiler operators did not have 
experience'in burning the low Btu residential/commercial mix. As a result, 
stable combustion conditions were not achieved during the test •. Unit load was 
only 5. 7 HW and the average CO 1 ev.el during the test was 115 ppm at 3% o2 
compared to a normal CO range-of 20 to 70 ppm. The high CO levels ~re 
generally considered an indicator of less than optimum combustion conditions. 
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Laboratory interferences on boiler exit samples. On four of the six boiler 
exit samples (Tests 1, 4, 8, and 22), there were significant abnormalities in 
the analysis, due primarily to interfering compounds. The interferences are 
caused by other components in the sample which elute from the GC column at the 
same time as the di oxi n/fura_n species of interest. Si nee the target detection 
levels are so low, these interfering species made it di~~icult to accurately 
and precisely quantify levels of t~e species of interest. The interferences 
will tend to result in high detection levels, a wide scatter of data, and/or 
erroneously high measurements. 

For Test 4, the interferences were considered to be so significant 
that the analytical 1 aboratory (Triangle) considers the results of Test· 4 
invalid. Therefore, the results of Test 4 are not included in ~he results 
summarized in Table 4-11. 
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TABLE 4-11. SUMMARY OF DIOXIN/FURAN EMISSION RESULTS 

Stack 

Mixed fue 1 , full 1 oad 

Mixed fuel, all tests* 

Commercial refuse 

Boiler Exit 

Mixed fuel, full load** 

Mixed fuel, all tests** 

Commercial refuse 

·Total PCDD/PCDF Emissions 
ng/Nm3 at 12% co2 1 b/h~ 

1.94 

10.72 

3.26 

739 

498 

834 

3.04 X 10-7 

1.23 x lo-6 

5.23 X 10-7 

1.31 X 10-4 -

7.88 X 10-5 

1.39 x to-4 

* Includes Te~t 1, which was conducted ~t 50% load under combustion upset 
conditions. ' 

** Except Test 4, which had invalid 1 aboratory results due to high levels 
of interference. 
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TABLE 4·12. PCDO/PCDF EMISSIONS ~T STACK UHILE FIRING COHHERCIAL/RESIDENTIAL MIX. 

TEST NO 1-sn::-oF 4-sn:::-oF 8-STK·OF AVERAGE AVERAGE 
DATE. 1988 JULY 18 JULY 20 JULT 22 EXCLUO I NG TEST 1 UICLI.QJNG TEST 1 

ng/Nc13 ; ng/Nm3; ng!Nml a ng/Nml a ngJ'NIIIl Q -. . -
12% C02 12X C02 12X C02 12X C02 lb/hr 1'2% C02 lb/hr ............. ............ • ••••••• . ........ - -- ·-2378 TCDO NO< 0.024 NO< 0.014 NO< 0.007 HI>< 0.011 N0<1.61E·09 ND< 0.015 NO<t.94E·09 12378 PCOD O.C23 NO< 0.003 NO< 0.014 HI>< 0.009 ND<1.35E·09 < 0.0.13 <1.75E·09 123478 HxCDO liD< 0.012 HI>< 0.011 NO< 0.004 NO< 0.008 N0<1.18E·09 NO< 0.009 ND<1.23E·09 123678 HxCDO NO< 0.012 lo'D< 0.010 NO< 0.004 NO< 0.007 ND<1.12E·09 NO< .0.009 N0<1.19E-09 123789 HxCDO NO< 0.015 .00< 0.004 NO< 0.005 NO< 0.005 N0<6.9.3E·10 NO< ~.008 N0<9.95E·10 12346 78 HpCOO NO< 0.043 NO< 0.062 NO< 0.012 NO< 0.037 NO<S.79E·09 ND< 0.039 NO<S.44E·09 OCDO NO< 0.304 0.343 NO< 0.037 < 0.190 <2.99E·03 < :0.228 <3.10E·08 

2378 TCDF 0.254 0.057 NO< 0.033 < 0.045 <7.01E·09 < Cl. us <1.39E-08 12378 PCDF ~0< 0.097 0.034 0.024 0.029 4.49E~09 < ID.OS2 <6.50E·09 
23478 PCDF 0.331 0.109 NO< 0.033 < 0.071 <1.11E·08 < 40.158 <1.95E·08 1231.78 HxCD F 0.058 0.062 NO< 0.003 < 0.033 <S.10E·09 ~ li.G41 <5.521:·09 123678 HxCDF NO< 0.123 NO< 0.022 NO< 0.010 NO< 0.016 N0<2.46E·09 JlO< «1.052 ND<6.14E·09 231.678 HxCDF NO< 0.011 NO< 0.027 NO< 0.007 NO< 0.017 N0<2.73E·09 110< «1.015 N0<2.21E·09 
123789 HxCDF NO< O.C16 NO< 1).005 NO< 0.005 NO< 0.005 N0<7.28E·10 kD< t.I.009 N0<1.06E·09 1234678 HpCOF NO< 0.289 0.052 NO< 0.007 < 0.030 <4.62E·09 < 0.116 <1.36E·08 1234789 HpCOF NO< 0.033 NO< 0.004 NO< 0.009 HI>< 0.007 N0<9.96E·10 NO< «1.015 N0<1.85E·09 OCDF NO< 0.202 NO< 0.007 NO< 0.025 NO< 0.016 N0<2.50E·09 NO< «1.078 ND<9.03E·09 

TOTAL TCD_O 5.612 C.071 0.063 0.067 1.05E·08 1.915 2.11E·07 TOTAL PCOD 2.071 0.155 0.142 0.149 2.32E·08 1).789 9.08E-08 TOTAL HxCOO 0.066 0.160 0.026 0.093 1.47E-08 1(1.084 "1.22E-08 TOTAL HpCOO liD< 0.043 0.069 NO< 0.040 < 0.055 <8.56E·09 < <0.051 <71.29E·09 

TOTAL TCOF 15.943 1.245 0.666 0.956 t.SOE-07 5.951 6.80E·07 
TOTAL PCOF 3.414 0.459 0.163 0.311 4.87E·08 1.345 1.57E-07 
TOTAL HxCOF 0.235 0.105 0.040 0.073 1.14E·08 0.12.7 1.61E·08 
TOTAL HpCOF NO< 0.3S1 0.060 NO< 0.007 < 0.034 <S.31E·09 < 0.149 <1.74E·08 

tf-), • .ll_ I 'I 
TOTAL PCDO/PCOF < 28.271 < 2.676 < 1.211 < 1.944 <3.04E·07 < 10.719 <1.23E·06 

Note: Unit load was reduced and CO levels were high for Test 1 due to U'lStable ccmbustion conditions. 
See text for discussion. 
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TABlE 4·13. PCDO/PCDF EMISSIONS AT BOILER EXIT ~llE FIRING COMMERCIAL/RESlOE~TIAL MIX. 

TEST !.iO 1-IN·OF 4-IN.:.OF 8-IN·DF AVERAGE" AVERAGE DA.TE. 1988 JUlY 18 JULY 20 JUlY 22 EXClOOING TEST 1 EXCLUDING TEST 4 ng/Nm3 • ng!NaiS. ng/NAI3 • ng/111111 • ri5/NII3Q 12% C02 12% C02 12% C02 12X C02 lb/hr 12% C02 lb/hr ........... ******** . ........ ......... - --· -2378 TCDO 0.46 ,oft, 2.61 l·'- ( 1.16 1./<., 1.89 2.65E·07·' 0.81 1.27E·07 12378 PCDD NO-< 1.10 ,_,, 16.43 '~ ;~j '.31 'f<SI 10.37 <1.40E·06 2.71 4.39£-07 123478 HxCOO 1.64 12.95 2.57 7.76 1.03E·06· 2.10 3.12E·07 123678 HxCDO 1\D< 1. 72 ) ~ 18.10 4.58 11.34 1.53£·06 < 3.t5 <4.9SE·07 123789 HxCDO 3.61 42.63 ,+, ~} 13.49 \.os 28.06 3.85E·06 8.55 1.38E-06 1234678 HpCDO 11.03 70.56 13.53 42.04 5.59£·06 12.28 1.77E1 06 . 
OCDO 19.76 NO< 171.53 12.43 < 91.98 <1.17E·05 16.09 2.12E-06 

2378 TCDF 3.29 ~.J' 13.31 ). ~I 13.78 ll· }) 13.55 2.0SE-06 8.54 1.39E·06 12378 PCDF 3.08 ! .:7! 69.64· til.'.'i 4.46 f-. "ft 37.05 4.72E·06 3.77 5.54e·07 7.3478 PCDF 7.65 -:=' ;...() 76.74 7[, "''1 5 .o4 ' ·S··'"t 45.89 6.10E·06 11.35 1.73E-06 123478 HxCOF 9.22 508.58 28.75 268.66 3.42E·05 18.98 3.03E·06 12.3678 HxCOF I.'D< 3.58 NO< 22.60 ' ~ >t 8.10 < 15.35 <2.12£·06 < 5.84 <9.05E·07 -234678 HxCDF 6.80 1607.32 J ' 15.49 1 )0811.41 1.01E·04 11.1i4 1.73E·06 ~t 123789 HxCDF IW< 0.34 NO< 40.71 3.39 < 22.05 <2.83E·06 < 1.86 <3.18E·07 1234678 HpCDF 11.59 ·""~64.35 18.53 41.44 5.65E·06 15.06 2.25E·06 1234789 HpCDF ND< 1.64 NO< 70.89 2.06 < 36.48 <4.59£·06. < 1.85 <2.67E-07 CX.:OF NO< 5.76 51.70 NO< 3.36 < 27.53 <3.5tE·06 !'JIO< 4.56 110<5.97E-07 

TOTAl TCDD 16.74 8.62 91.90 50.26 8.69£·06 ~-32 9.02E-06 TOTAl PCDO 12.71 54.66 100.77 77.71 1.24E·05 56.714 9.61E-06 TOTAl. HxCOD 25.15 204.90 73.58 ' 139.24 1.93E·OS 49·.36 7.86E·06 TOTAL HpCOD 25.40 140.00 29.73 84.86 1.13E·05 27.57 3.9SE·06 

' TOTAl TCOF 69.48 77.05 252.62 164.83 2.72£·05 1M.05 2.60E·05 TOTAL PCOF 37.63 245.26 70.18 157.72 2.14E·05 '53.91 8. tSE-06 TOTAL HxCDF 24.39 2584.87 75.94 1330.41 t.68E-o4 50.17 8.02E·06 TOTAL HpCOF 19.58 92.20 28.42 60.31 8.27E·06 24 • .00 l.~E-06 

7 c;;. {) I ) 17- /1 H-1.1 ' 
'-· 

TOiAL PCDD/PCOF < 256.59 < 3630.77 < 738.95 < 2184.86 <2.91E·04 <( 497.77 <7.88E·OS 

liotes: 1. Test 4-In-DF considered invalid due to interferences. See text for discussiOR.. 2. Significa!"'t levels of interferences were also seen on the san{)les fr0111 Tests t-In-Of and 8-ln·OF. 

"'iff.(.? 
:;J; 

C,~, 1 
0 

/:J cy.y ,c-? /~ 
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TABLE 4·14. PCDO/PCOF EMISSIONS AT STACK ~KILE FIRING COMMERCIAL REFUSE. 

TEST NO 15-STIC:·Df 17·STt::·DF 22-sn:-oF AVERAGE 
DATE. 1988 JUlY 27 JULY 28 AUG 1 ... 

ng/Nml ·; ng/Nm~ ng/NIII3 ; ng/la3 iii 
12% C02 12% C02 .~.· 12% C02 12% c:oz tb/hr 
******** ............ .. ........... ******** ***** 2378 TCOO ND< 0.005 NO< 0.010 ND< 0.005 ND< 0.007 N0<1.09E·09 

12378 PCDD ND< 0.030 NO< 0.085 NO< 0.016 NO< 0.044 N0<7.05E-09 
1234 78 HxCOO NO< 0.022 NO< 0.091 NO< 0.008 NO< 0.040 ND<6.~-09 
123678 HxCOO NO< 0.037 NO< 0.091 NO< 0.008 NO< 0.~5 ND<7.33E-09 
123789 HxCOO NO< 0.043 NO< 0.109 NO< 0.020 NO< 0.057 ND<9.33E·09 
1234678 HpCOD 0.217 0.405 NO< 0.083 < 0.235 <3.80E·08 
OCDO 0.808 0.756 0.371 0.645 1.03E-07 

2378 TCOF 0.035 · 0.046 NO< 0.029 < 0.037 <5.85E-09 
12378 PCOF 0.043 NO< 0.058 0.039 < 0.047 c7.53E·09 
23478 PCOF NO< 0.057 NO< 0.069 0.052 < 0.059 <9.~E-09 
123478 KxCOF 0.108 NO< 0.116 0.064 < 0.096 <1.54£-08 
123678 HxCOF 0.040 NO< 0.062 NO< 0.034 < 0.~5 c7.30E-09 
234678 HxCOf 0.060 NO< 0.060 0.036 < 0.052 <11.37E-09 
123789 KxCOF NO< 0.021 NO< 0.108 NO< 0.011 NO< 0.047 ND<7.67E-09 -12l4678 HpCl)f 0.284 NO< 0.400 0.097 < 0.260 c4.20E·OS 
1234789 HpCl)F NO< 0.027 NO< 0.126 NO< 0.016 NO< 0.056 ND<9.22E·09 
OCDF NO< 0.151 NO< 0.233 NO< 0.092 NO< 0.159 ND<2.56E-08 

TOTAL TCOO 0.130 NO< 0.286 0.049 < 0.155 <2.51E-08 
TOTAL PCOO NO< 0.142 0.243 0.102 < 0.162 <2.63E·08 
TOTAL HxCOO 0.313 0.109 0.119 0.180 2.85E-08 
TOTAL HpCl)O 0.446 0.684 0.058 0.396 6.37E-08 

TOTAL TCOF 0.960 1.0o6 0.527 0.831 1.33E-07 
TOTAL PCOF 0.314 0.255 0.348 0.306 4.901:-08 
TOTAL KxCOF 0.358 0.197 0.148 0.234 3.72E-08 
TOTAL KpCOF 0.385 0.080 0.115 0.193 3.04E-08 

,2-o , Jl I l1 
TOTAL PCOO/PCOF < 4.006 < 3.848 < 1.928 < 3.261 <5.23E-07 
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TABLE 4·15. P<:OO/PCDF EMISSIONS AT BOILER EXIT Wll£ FIRING COVIStCIAL ltEFUSE. 

TEST NO 15-IN·DF 17·1N·OF 22·1N·OF A.&UGE 
DATE. 1988 JULY 27 JULY 28 AUG 1 

ng/llal3 ; ng/Nslll ; ng/Nna3 ; ngftla1; a 
12% C02 12% C02 12X C02 12% c:az lb/hr --- ******** ........... . ........... ·--2378 TCDD 1.57 L) : 0.95 . ,''IS' 1.67 t.,c;;o Z.32£·07 

12378 POD 3.25 ( ' ~ . . , 1.91 1.~ 4.54 3.23 s_.o.me-o7 
·• 123478 HxCDO 2.99 1.7S 2.56 z_u 4.05£·07 

123678 HxCDD 4.59 2.84 
I(~ 

2.97 3~Q 5.jl'f4E-07 
123789 HxCDO 8.59 ' itf 5.78 7.04 I 1-- 1.VSE-06 
1234678 HpCDD 21.80 18.16 20.73 20.25 ~.35E·06 

OCDD 41.n 33.20 28.43 34-.0 S.&PE-06 

2378 TC:OF 11.09 •' 4 /j,./ 6.56 [,. ~·, 29.12 15..$9 Z.Qf-06 
12378 PC:OF 10.29 6.68 I ~ 

13.96 10..31 t.RE-06 J ' "'. ··-
23478 PC:OF 15.66 ; -·'10.85 1o.c> ... 15.so ,,_., 2..32E-06 
123478 HxCDF 29.33 20.64 218.10 89.'..36 t.su-os 
123678 HxCDF 14.56 9.32 14.95 12:..9( 2.15£-06 

s " 234678 HxC:OF 14.93 ,O 13.58 329.00 119.17 z.~-os 

123789 HxCDF NO< 0.85 NO< 0.81 l, f 1. 34.08 < 11.91 <2.m2E-06 
1234678 HpCDF 38.Ti 40.57 28.55 35·-· 5.~-06 

1234789 HpCDF 3.43 5.98 9.31 6-a 1.CBE-06 
OCDF 12.31 16.42 14.48 14.4ill 2.38£-06 

TOTAL TC:OO 28.03 13.68 12.66 18.12 3.01)£-06 
TOTAL PC:OO 37.15 17.06 22.69 25.6! 4.25£-06 
TOTAL HxC:OD 56.95 34.36 c 42.59 44.M. 7.Ql£-06 
TOTAL HpCOD 47.67 36.01 44.76 42..81 7 •. 0!9£-06 

TOTAL TC:OF 270.71 158.14 82.17 170..31; 2.81E·05 
TOTAL PC:OF 163.53 103.18 61.94 109.55- t.80E·05 
TOTAL HxCOF 134.51 85.31 709.20 309.67 5.23£-05 
TOTAL HpCOF 56.90 71.08 65.65 64.5(. 1.07E-05 

't<r-oL 
(,0,~ 

• TOTAl PC:OD/PCOF < 849.53 < 568.43 1~.56 < 834.17 <1.39E·04 

CJ'74( 1i.c:> 

i:ote: Significant \evels of interference were seen on the sa~p&.e fro11t Test 
22-ln-OF. See text for discussion. 
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TABLE 4-16. AVERAGE PCDD/PCDF TOXIC EQUIVALE:h""T DATA AT STACK BY CALIFORNIA DOHS METHOD. 

Species 
******* 
2378 TCDD 
12378 PCDD 
123478 HxCDD 
123678 HxCDD 
123789 HxCDD 
1234678 HpCDD 
OCDD 

2378 TCDF 
1.2378 PCDF 
23478 PCDF 
123478 HxCDF 
1.23678 HxCDF 
234678 HxCDF 
123789 HxCDF 
1.234678 HpCDF 
1234789 HpCDF 
OCDF 

Total 

Weight 
Factor 
****** 

1.00 
1.00 
0.03 
0.03 
0.03 
0.03 
0.00 

1.00 
1.00 
1.00 
0.03 
0 .. 03 
0.03 
0.03 
0.03 
0.03 
0.00 

MIXED FUEL ( *) 

ng/Nm3 @ 
12% C02 
******** 

0.011 
0.009 
0.008 
0.007 
0.005 
0.037 
0.190 

0.045 
0.029 
0.071 
0.033 
0.016 
0.017 
0.005 
0.030 
0.007 
0.016 

Toxic 
equ.iv 
***** 
0.011 
0.009 
0.000 
0.000 
0.000 
0.001 
0.000 

0.045 
0.029 
0.071 
0.001 
0.000 
0.001 
0.000 
0.001 
0.000 
0.000 

0.170 

COMMERCIAL 
REFUSE 

ng/Nm3 @ Toxic 
12% C02 eguiv 
******** ***** 

0.007 
0.044 
0.040 
0.045 
0.057 
0.235 
0.645 

0.037 
0.047 
0.059 
o-.096 
0.045 
0.052 
0.047 
0.260 
0.056 
o. 159 

0.007 
0.044 
0:001 
0.001 
0.002 
0.007 
0.000 

0.037 
0.047 
0.059 
0.003 
0.001 

_0. 002 
0.001 
0.008 
0.002 
0.000 

0.222 

*Excludes Test 1 due to abnormal unit operation. See text for explanation. 
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4.2.2 Semi-volatile Organic Species 

The results of the semi-volatile organic tests are summarized in 
Table 4-17. Detailed results are presented in the following tables: 

Table 4-18 
Table 4-19 
Table 4-20 

Table 4-21 
Tab 1 e 4-22 

Tab 1 e 4-23 

Table 4-24 
Tab 1 e 4-25 

Table 4-26 
Tab 1 e 4-27 

Table 4-28 
Tab 1 e 4-29 

Su~mary of PAH results at stack 
PAH results at stack 
Summary of PAH results at boiler exit· 
PAH results at boiler exit 
Summary of PCB results at stack 
PCB results at stack 
Summary of PCB results at boiler exit 
PCB results at boiler exit 
Summary of chl orobenzene/chl orophenol results at stack 
Chlorobenzene/chlorophenol results at stack 
Summary of chl oroberiZene/chl orophenol results at boiler exit 
Chlorobenzene/chlorophenol results a.t boiler exit. 

Stack emission rates of PAH, PCB, chlorobenzenes. and chlorophenols were 
all near or below the detection limits of the methods used. 

There were two significant factors in the analysis of these samples which 
impact interpretation of the results. These are discussed below. 

Naphthalene levels. Significant levels of ·naphthalene were me.asur~ on all of 
the test samples and on the field blank sample. These levels are attributed by 
Triangle to the fact that naphthalene is a decomposition product of XAD-2. and 
fonns during storage and handling of resin modules. According to Triangle, it is 
not uncommon to see microgram levels of naphthalene in resin blank samples. 
Since the 1 evels of naphthalene measured in the field blank are on the same order 
of magnitude as those measured in the. test samples, it is most likely that 
formation of naphthalene occurred in all of the resin modules. 

The reported levels of naphthalene represent 6~ of the total PAH for the 
mixed fuel stack tests and 93% of the total PAH for the commercial fuel stack 
tests. Therefore, total PAH results are reported with and without naphthalene. 
The results without naphthalene are considered to be more representative of 
actual plant emissions. 
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PCB results. 

stack tests, 

on Test 19. 
diPCB, which 

run. 

PCB levels were below detection limits for all species for all 
except for a single measurable 1 evel of 0.004 ug/NmJ for Penta PCB 
Detection levels were 0.001 to 0.056 ug/Nm3 for all spec_ies except 
had detection 1 evels of 1.2 to 3.4 ug/Nm3 from the first analytical 

The high detect ion 1 evel s for di PCB were due to the use of 2,4,6-
tribromophenol as a surrogate species for the chlorobenzene/chlorophenol 
analyses. 2,4,6-tribranophenol has the same GC retention time as diPCB. and thus 
interfered with detection of diPCB. Because of this interference,. the first 
sample analyses resulted in total PCB detection levels i"ncluding diPCB being 20 
to 40 times higher than detection 1 evel s for all the other PCB species combined. 

Subsequent to this analysis, the remaining portions of the samples were 
passed through an alumina column to separate the PCBs frCJID the tribromophenol,. 
and the samples were analyzed again. Significantly lower detection limits were 
achieved, and those results are reported in the tables: 
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TABLE 4-17. SUNHARY OF SEMI-VOLA TILE ORGANIC SPECIES MEASUREMENTS 

C~nmercfal/Residentfal Mfx Commercial Refuse 
Species Bofler Exft Stack Boiler Exft Stack Field Blank * 

PAH: -.--
ug/Hm3 at 12% co2 <31. 4 <0.468 <7.7 <1.306 <0.789 
1 b/hr <4.60 X 10-3 <7.22 x lo-s <1.22 x lo-3 <2.1 x lo-4 <1.24 x 1o·4 

PAH, exce2t naEhthalene: 

ug/Hm3 at 12% co2 <25. 5 <0.148 <3.8 <.095 <.207 
1 b/hr <3. 73 X 10·3 <2.28 X 10-S ' <6.06 .x 1o·4 <1. 53 X 10-S <3.25 X 10-5 

""" I 
N 
~ 

PCB: 
ug/Nm3 at 12% co2 ND<43.1 ND<0.385 <2.67 <0. 093 ND<0.098 
lb/hr N0<7.2 x 10:.3 ND<2.6 x 10-4 <4.3 x 1o-4 <1. 3 x lo-4 ND<5,8 X 10-5 

Chlorobenzencs + Chloro~henols 
ug/Nm3 at 12% co2 NO <8.02 NO <1. 82 E <9. 68 E <2. 75 NO <1. 34 
1 b/hr NO <1.23 X 10·3 NO <2,81 X 10·4 E <2.22 X 10·3 E <6, 51 X 10·4 NO <2,62 X 10-4 

~ *based on average stack sample volumes .and flows 
;Q 

N 
0 
U1 
w 
~ 
I 
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TABLE 4-18 
POLYCYCLIC AROMATIC HYDROCARBONS 

FROM COMMERCE REFUSE-TO-ENERGY FACILITY 
STACK R~SULT Sll-1MARY 

(ug/Nm @ 12% co2) 

Name 

Naphthalene 
Acenapthylene 
Acenapthene 
Fluorene 
Phenanthrene 
Anthracene 
Fluoranthene 
Pyrene 
Benzo(A)Anthracene 
Chrysene 
Be nzo (B )Fl uo ranthene 
Benzo(K}Fluoranthene 
Be nzo (A)Pyrene 
Indeno(1,2,3-CD)Pyrene 
Dibenz(A,H)Anthracene 
Benzo(G,H,I)Perylene 

Mixed Fuel 
Avg 

0.320 
< 0.040 
< 0.010 

0.019 
0.043 

NO <0.003 
0.007 
0.006 

E 0.002 
0.005 

E 0.003 
E 0.003 
< 0.003 
< 0.002 
ND<0.003 
ND<0.002 

< 0.465 

TOTAL PAH 
ug/Nm3 @12% co2 
l b/hr < 7 .17E -05 

TOTAL PAH, EXCEPT NAPHTHALENE 
· ug/Nm3 @12% co2 < 0.145 

1 b/hr < 2.23E -05 

4-25 

Commercial Fuel 
Avg 

1.211 

< 0.002 
< 0.005 

0.007 
0.037 

ND<0.0007 
0.010 
0.007 

< 0.004 
< 0.006 
E 0.003 
E 0.003 
< 0.003 
E 0.004 
ND<0.003 
ND<0.002 

< 1.303 
< 2.10E -04 

< 0.092 
< 1.48£ -05 

Fld Blank 

0.583 
ND<0.0003 . 
ND<0.0004 

0.0103 
0.138 

ND<0.0004 
O.Of4 
0.013· 
0.004 

- 0.007 
E 0.002 
E 0.002 
E 0.002 
E 0.003 
ND<O.OOl 
ND<0.0007 

< 0.787 
<1.24E -04 

< 0.205 
< 3.22£ -05 
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Name 

Fuel 
Naphthalene 
Acenapthylene 
Acenapthene 
Flourene , 
Phenanthrene 
Anthracene 
Fluoranthene 

-'="' 
I Pyrene N 

0'1 
Benzo(A)Anthracene 
Chrysone 

Benzo(B}Fluoranthene 
Benzo(K)Fluorantheno 
Benzo(A )Pyrene 
lndcno(l,2,J-CD)Pyrene 
Dibenz(A,H)Anthracene 
Benzo(G,H,l)Perylene ,., 

(/) 
;o 

N Total PAH 0 
U"' 
w Total PAH, ~ 
I Excluding Naphthalene 0\ 

N ..... 

TABLE 4-19 
POLYCYCLIC AROMATIC HYDROCARBONS 

FROM COMMERCE REFUSE-TO-ENERGY FACILITY 
PAH STfCK RESULTS 
(ug/Nm @ 12% C02) 

6-STK 10-STK 12-STK 19-STK 

Mixed Mixed Comm' 1 Comm' 1 
0.3838 0.2565 0.3746 1.6222 

ND<0.0022 0.0782 E 0.0049 E O.OOll 
N0<0.0027 0.0165 0.0074 0.0054 

0.0220 0.0139 0.0082 0.0047 
0.0295 0.0554 0.0278 0.0255 

NO <0. 0020. , NO <0.0034 N0<0.0009 N0<0.0006 
o. 0078• 0.0062 o. 010:9 0.0064 
0.0062 0.0047 0.0100 0.0052 

E 0.0025 E 0.0015 ND<0.0073 NO<O. 0009 
0.0046 0.0051 ND<O.Ol22 NO<O.OOll 

E 0.0026 E 0.0032 E 0.0032 E 0.0010 
E 0.0026' E 0.0032 E 0.0032 E 0.0010 

0,0043 NO<O,OOlG ND<0.0031 ND<0,0015 
0.0019 ND<0,0020 E 0.0044 E 0.0040 

ND<0.0017 ND<0.0032 ND<0.0028 ND<0.003G 
ND<O.OOll ND<0.0020 ND<0.0017 ND<0.0022 

< 0,4756 < 0.4549 < 0.4801 . < 1.688Z 
< 0.0917 < 0.1984 ( Q.1054 < 0.0659 

~~ I ' 

~ .... 

'· l, • 

24-STK Fld Blk 

Comm' 1 
1.6370 0.582 

ND<0.0005 ND<O.OOO 
N0<0.0006 NO<O.OOO 

0.0084 0.001 
0.0566 0.137 

ND<0~0006 NO<O.OOO 
0.0103 0.023 
0.0059 0.012 
0.0027 0.003 
0.0047 0.007 
0,0051 E 0.001 
0.0051 E 0.001 
0,0030 E 0,001 

E 0,0023 E 0,003 
ND<0.0013 ND<O. 001 
E 0.0018 ND<O.OOO 

< 1.7416 ( 0.779 
( 0.1046 < 0.196 



.. 
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TABLE 4-20. 
POLYCYCLIC AROMATIC HYDROCARBONS FRCt1 COMMERCE REFUSE-TO-E-NERGY FACILITY 

BOILER EXI~ RESULT SUMMARY 
(ug/Nm @ 12% co2) 

Name Mixed Fuel 
. ~ ... Avg · 

Naphthalene 5.917 
Acenapthylene 2.504 
Acenapthene 1.243 
Flourene 2.641 
Phenanthrene 13.000 
Anthracene NO < 0.009 
Fl uo ranthene 
Pyrene 
Benzo(A)Anthracene 
Chrysene 
Be nzo (B) fl uo ranthene 
Benzo(K)Fluoranthene 
Benzo(A)Pyrene 
Indeno(1,2,3-CO)Pyrenend 
Dibenz(A,H}Anthracene 
Benzo(G,H,I)Perylene 

TOTAL PAH 
ug/Nm3 @12% co2 
lb/hr 

1.087 
3.031 

< 0.041 
< 0.211 

0.076 
0.076 
0.194 

< 0.035 
< 1.309 
NO< 0.025 

< 31.323 
< 4. 59E -03 

TOTAL PAH, EXCEPT NAPHTHALENE 
ug/Nm3 @12% co2 < 25.406 
1 b/hr < 3. 72E -03 

Commercial Fuel 
Avg_ 

3.877 
< 0.350 
< 0.055 

0.157 
1.087 

'NO< 0.002 
1.303 
0.52! 

< 0.098 
< 0.099 
< 0.009 
< 0.009 
< 0.009 

0.098 
NO< 0. 016 
NO< 0.010 

< 7. 690 
< 1.22E -o3 

< 3.814 
< 6.05E -04 

4-27 

Fld Blank 

1.955 
NO< 0.001 
ND< 0.001 

0.035 
0.464 
0.001 
0.080 

-
0.042 
0.012 
0.025 

E 0.005 
E 0.005 
E 0.006 
E 0.011 
NO< 0.004 
NO< 0.004 

< 2.648 
<4.29E-04 

< 0.693 
<2. 61E-05 
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TABLE 4-21 
POLYCYCLIC AROHATIC HYDROCARBONS 

FROM COMMERCE REFUSE-TO-ENERGY FACILITY 
PAH BOILER EXIT 

(ug/Nm3 @ 12% co2) 

-Fuel Mix Mix Comm 11 Comm 11 Comm 1 1 6-IN 10-IN 12-IN 19-IN 24-IN Fld Blk 

Naphthalene 2.137 9.696 0.728 4.434 6.468 2.056 Acenapthylene 0.169 4.839 ' 0.022 ND< 0.002 1.027 ND<O.OOl Acenapthene 0.220 2.266 0.035 ND< 0. 002 0.127 . ND<0.002 Fl ourene · 0.208 5.074 0.18l 0.122 0.168 0.037 Phenanthrene 0.694 25.306 1.883 0.664 o. 714 0.487 Anthracene NO< 0.013 NO< 0.006 NO< 0.003 NO< 0.002 NO< 0.002 ND<O.OOl 
' .t:. Fl uoranthene 0.397 1.776 3. 577 0.181 0.150 0.084 I 

; N Pyrene o. 291 /' . 5. 771 1.394 0.089 o.oao 0.044 
CD 

Benzo(A)Anthracene 0.066 ND< 0. 015 0.087 ND< 0.002 . o. 205 0.013 Chryscne 0.398 ND< 0.024 0.012 ND< 0.006 0.277 0.026 Benzo(B)Fluoranthene 0.062 0.091 NO< 0.009 0.013 N0<·0.004 E 0.006 Benzo(K)Fluoranthene 0.062 0,091 NO< 0,009 o. 013 . NO< 0,004 E 0.006 Bcnzo (A )Pyrene 0.042 0.346 ND< 0.005 0.020 NO< 0.003 E 0.064 . Indeno(1,2,3-CO)Pyrene NO< 0.020 NO< 0.050 0.228 o.oso E 0.016 E 0.012 Dfbenz(A.H)Anthracane NO~ 0.023 l.§94 ND< 0.033 NO< O.OOB NO< 0. 007 ND<O. 004 ,., Benzo(G,H,I)Perylene NO< 0.0~4 NO< 0.036 NO< 0.021 NO< 0,005 NO< 0.004 ND<0.026 (/) 
;o 

N 

Total PAH 4.755 < 57.890 9.~218 < ·s.599 9.254 2.863 
0 < < < < 
0'1 
w 

Total PAH, 2.617 < 48.194 (I 7.490 1.166 2.786 < 0.807 
.t:. < < ( I 
0'\ Excluding Naphthalene N .... 

It !'1;:11 .•• _~:~."'a !Ill .. . Ill, ~·Ill ~~-~ .. .... 
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TABLE 4-22 
.. ~-~ . -

PCB STACK RESULT SUMMARY 
FROM COMMERCE REFUSE-TO-ENERGY FACILITY 

(ug/Nm3 @ 12% co2) 

Name t1ixed Fuel Comme rei al Fue 1 Fl d Blank 
Avg Avg 

' 2-PCB NO< 0.001 NO< 0.001 NO< 0.001 
o,O I 

•·. 
~ Total l~ono PCB NO< 0.023 NO< 0.007 ND< 0.005 

23-0i PCB NO< 0.001 NO< 0.001 NO< 0.001 
Total Oi PCB NO< 0.267 NO< 0.042 NO< 0.041 
245-Tri PCB NO< 0.001 NO< 0.001 NO< 0.001 
Total Tri PCB NO< 0.045 NO< 0.019 ND< 0.006 
2246-Tetra PCB NO< 0.002 NO< 0. 001 ND< 0.001 
Total Tetra PCB NO< 0.021 NO< 0.001 NO< 0.001 
22345-Penta PCB NO< 0.003 NO< 0.001 ND< 0.001 
TOTAL Penta PCB NO< 0.009 < 0.014 ND< 0.0341 
224456-Hexa PCB NO< 0.003 NO< 0.002 ND< 0.002 . 
Total Hexa PCB NO< 0.002 NO< 0.002 ND< 0.002 
2234566HeptaPCB NO< 0.002 NO< 0. 001 NO~ 0.001 
Total Hepta PCB NO< 0.002 NO< 0.001 ND< 0.001 
2234566-0cta PCB NO< 0.018 NO< 0.002 ND< 0.002 
Total Octa PCB NO< 0.004 NO< 0. 002 NO< 0.002 
Hona PCB NO< 0.002 NO< 0.001 NO< 0.001 
Total Nona PCB NO< 0.003 NO< 0.004 NO< 0.006 
DECA PCB NO< 0.008 NO< 0. 002 NO< 0.002 

TOTAL PCB 

ug/Nm3 @12% co2 NO< 0.385 < 0.093 rm< o.098 
l b/hr ND<2. 6£-04 < 1. 3£-04 ND<5.8E-05 

4-29 ESR 20534-621 



TABLE 4-23 
PCB STACK RESULTS 

FROM COMMERCE REFfSE-TO-ENERGY FACILITY . (ug/Nm @ 12% co2} 

Name 6-STK 10-STK 12-STK 19-STK 24-STK FLO BLK Fuel Mixed Mixed Comrn 1 l Cornm 1 1 Comm 1 1 2-PCB NO< 0.001 NO< o. o·o1 NO< 0.001 NO< 0.001 NO< 0.000 NO< 0.001 Total Mono PCB NO< 0.016 NO< 0.030 NO< 0.001 NO< 0.012 NO< 0.008 NO< 0.005 23-0i PCB NO< 0.001 NO< 0.001 NO< 0.001 NO< 0.001 NO< 0.000 NO< 0.001 Total Oi PCB NO< 0. 011 NO< 0. 524 . ND< 0.005 NO< 0.079 NO< 0.041 NO< 0.041 245-Tri PCB NO< 0.001 NO< 0.001 NO< 0.001 NO< 0.001 NO< 0.001 NO< 0.001 Total Tri PCB NO< 0.056 NO< 0. 034 NO< o.ooa· NO< 0.029 NO< O. 020 NO< 0.006 2246-Tetra PCB NO< 0.002 NO< 0.002 NO< 0.001 NO< 0.001 NO< 0.001 NO< 0.001 TOTAL Tetra PCB NO< 0.002 NO< 0.040 ND< 0.001 NO< 0.001 NO< 0.001 ND< 0.001 ' 
~ 

22345-Penta PCB NO< 0.003 NO< 0.003 NO< 0.001 NO< 0,002 NO< 0.001 NO< 0.001 ; 
I 

TOTAL Penta PCB NO< 0.003 -"'NO< 0.015 NO< 0.008 0.004 NO< 0.031 NO< 0.034 
w 
0 

224456 -Hex a PCB NO< 0.003 NO< 0.003 NO< 0.002 NO< 0.002 NO< 0.001 NO< 0.002 TOTAL Hexa PCB NO< 0.003 NO< 0.002 NO< 0.002 NO< 0. 002 NO< 0.001 NO< 0.002 2234566HeptaPCB NO< 0.002 NO< 0. 002 NO< 0.001 NO< 0.002 NO< 0.001 NO< 0.001 Total Hepta PCB NO< 0,002 NO< 0.003 NO< 0,001 NO< 0.002 NO< 0.001 NO< 0.001 2234566-0cta PCB NO< 0,003 NO< 0.034 NO< 0. 002 NO< 0.002 NO< 0.001 NO< 0,002 Total Octa PCB NO< 0.006 NO< 0.002 NO< 0.002 NO< 0.002 NO< 0.001 NO< 0.002 Nona PCB NO< 0.002 NO< 0.001 ~0< 0.002 NO< 0.002 NO< 0,001 NO< 0.001 ,., Total Nona PCB Nb< o.ooz NO< 0.004 '·· NO< 0.002 NO< 0.003 NO< 0.006 NO< o. 006 ~ 

OECA PCB NO< 0.013 NO< 0. 004 NO< 0.003 NO< 0.003 NO< 0.001 NO< 0.002 

;tl 

N 
0 
U1 
w 

Total PCB NO< .113 NO< .657 N0< 1

0,033 0.136 NO< 0.111 NO< 0.098 
~ 

< I 
0'1 
N 
1-' 
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TABLE 4-24 ·•· 

PCB BOILER EXIT RESULT SUMMARY 
FROM COMHERCE REFUSE-TO-ENERGY FACiliTY 

(ug/Nm3 @ 12% co2 ) 

Name Mixed Fuel Commercial Fuel Fld Blank 
Avg Avg 

······- 2.-PCB NO< 0.240 NO< 0.001 NO< 0.002 ...... 
. ~ ... 

Total Mono PCB NO< 2.460 NO< 0.219 NO< 0.017 
:-..... : __ 

23-0i PCB NO< 0.005 NO< 0.001 NO< 0.002 .. ;._._-

Total Oi PCB NO< 3.231 NO< 0.097 NO< 0.145 ... 

245-Tri PCB NO< 0.006 NO< 0.002 N.P< O.OOZ 
TOTAL Tri PCB N0<25.351 NO< 1.367 NO< 0.019 
2246-Tetra PCB NO< 0.008 NO< 0.003 NO< 0.002 
TOTAL Tetra PCB NO< 3.547 < 0.056 NO< 0. 002: 
22345-Penta PCB NO< 0.013 NO< 0.003 NO< 0.003 
Total Penta PCB ND< 7.563 NO< 0.470 ND< 0.121 
224456-Hexa PCB ND< 0.021 NO< 0.003 NO< 0.006 
Total Hexa PCB ND< 0.057 NO< 0.047 NO< 0.006 
2234566HeptaPCB NO< 5.863 NO< 0.003 - ND< 0. 003 
Total Hepta PCB ND< 0.019 NO< 0.009 NO< 0.003 
2234566-0cta PCB ND< 0.423 NO< 0.003 NO< 0.006 
TOTAL Octa PCB ND< 0.257 NO< 0.044 NO< 0.006 
Nona PCB NO< 1.052 NO< 0 .. 210 NO< 0.003 
Total Nona PCB NO< 0.537 NO< 0. 358 N0<0.019 
OECA PCB NO< 0.027 NO< 0.005 NO< 0.006 

Total PCB 

ug/Nm3 @12% co2 N0<43. 050 < 2.672 NO< 0.347 
1 b/hr NO< 7. 2E-03 <4.3E-04 ND< 5.4 x 10-5 

4-31 E SR 20534-621 
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TABLE 4-25 

PCB BOILER EXIT RESULTS 
FROM COMMERCE REFUSE-TO-ENERGY FACILITY 

(ug/Nm3 @ 12% co2) 

--Name 6-1 N 10-1 N 12-IN 19-IN 24-IN Fld Blk 
Fuel Mixed Mixed Comm'l Comm'l Comm'l 
2-PCB NO< 0.476 NO< 0.003 NO< 0,001 NO< 0.001 NO< 0.002 NO< 0,002 Total Mono PCB NO< 1. 052 NO< 3.669 NO< 0.001 NO< 0.365 NO< O. 291 NO< 0.017 
23-01 PCB NO< 0.004 NO< 0.005. NO< 0.001 NO< 0.001 NO< 0.002 NO< 0.002 Total 01 PCB NO< 5.121 NO< 1. 341 NO< 0.133 NO< 0.039 NO< 0.119 NO< 0. 145 
245-Tri PCB NO< 0.007 NO< 0.005 NO< 0.002 NO< 0."001 NO< 0.002 NO< 0.002 Total Tri PCB NO< 8.827 N0<41.875 NO< 1. 333 NO< 1. 872 NO< 0.896 NO< 0.020 
2246-Tetra PCB NO< 0.009 NO< 0.008 NO< 0.002 NO< 0.002 NO< 0.003 NO< 0.002 TOTAL Tetra PCB NO< 0.620 NO< 6.473 0.017 NO< 0.056 NO< 0. 094 NO< 0.002 ~ 22345-Penta PCB NO< 0.013 NO< 0.012 NO< 0.002 NO< 0.002 NO< 0.003 NO< 0.004 

I 
w 

-~· N TOTAL Penta PCB NO< 4. 352 . N0<10. 775 NO< 0.536 NO< 0.518 NO< 0.356 NO< 0.121 
224456 -Hex a PCB NO< 0.015 NO< 0.027 NO< 0.002 NO< 0.002 NO< 0.005 NO< 0.006 . TOTAL Hexa PCB NO< 0.097 NO< 0.017 NO< 0.019 NO< 0.101 NO< 0.023 NO< 0.006 
2234566tfeptaPCB NO< 0.011 ND<ll.715 NO< 0.002 .NO< 0, 002 NO< 0.003 NO< 0.004 
Total Hepta PCB NO< 0.011 NO< 0.027 NO< 0,023 NO< 0,002 NO< 0.003 NO< 0.004 
2234566-0cta PCB ND< 0,017 ND< 0.930 ND< 0.002 NO< 0.002 NO< 0.005 NO< 0.006 Total Octa PCD NO~ 0.496 NO< 0.019 NO< 0.002 NO< 0.002 NO< 0.127 ND< 0.006 Nona PCB ND< 0,013 NO< 2,091 NO< 0.002 NO< 0.625 NO< 0.003 NO< 0.004 m Total Nona PCB NO< 1.041 NO< 0.033 NO< 0.517 NO< 0.004 NO< O. 552 NO< O. 020 

VI 
;o 

I 
N OECA PCB NO< 0.021 NO< 0.033 NO< 0.004 NO< 0.004 NO< 0.006 NO< 0,006 0 

• c.n 
w 
~ 
I Total PCB N0<21.638 N0<64.462 < 2.585 NO< 2.965 NO< 2.467 NO< 0. 347 

0\ 
N ..... 

----c--~--- --·----,- - ---·- -- ----· --- -- •- ~ 



TABLE 4-26 
CHLOROBENZENES AND CHLOROPHENOL$ 

FROM COM~~RCE REFUSE-TO-ENERGY FACILITY 
STACK R~SULT SUW.RY 

(ug/Nm @ 12% co2) 

Name Mixed Fuel Coaunercial Fuel 
Avg Avg 

2~hl orophenol NO< 0.03 NO< 0.03 1.3-Dichlorobenzene NO< 0.03 E< 0.09 1.4-Dichlorobenzene NO< 0.03 E< 0.08 
.. 1.2-Dichlorobenzene NO< 0.04 E< 0.14 1,3,5-Trichlorobenzene NO< 0.05 E< 0.07 2,4-Dichlorophenol NO< 0.04 NO< 0.05 2,5-Dichlorophenol NO< 0.04 NO< 0.04 2,3-Dichlorophenol NO< 0.07 NO< 0.07 3-Chl orophenol NO< 0.01 NO< 0.01 2,6-Dichlorophenol NO< 0.05 ND< 0.05 4-Chl orophenol NO< 0.01 NO< 0.01 1,2,4-Trichlorobenzene NO< 0.05 E< 0.30 1,2,3-Trichlorobenzene NO< 0.05 E< 0.15 4-Chloro-3-Methylphenol NO< 0.04 NO< 0.04 1 ,2,3, 5-Tetrachl orobenzene NO< 0.05 E< 0.13 1,2,4,5-Tetrachlorobenzene NO< 0.06 E< 0.15 2,3,5-Trichlorophenol NO< 0.07 NO< 0.07 2,4,6-Trichlorophenol NO< 0.06 E< 0.16-2,4,5-Trichlorophenol NO< 0.09 NO< 0.07 2,3,4-Trichlorophenol NO< 0.09 E< 0.26 1,2,3,4-Tetrachlorobenzene NO< 0.06 NO>< 0.05 2,3,6-Trichlorophenol NO< 0.09 NDI< 0.07 3,5-Dichlorophenol NO< 0.06 Nll< 0.04 3,4-Dichlorophenol NO< 0.06 NO< O.QS Pentachlorobenzene NO< 0.08 NO< 0.06 2,3,5,6-Tetrachlorophenol NO< 0.14 ND< 0.11 2,3,4,6-Tetrachlorophenol NO< 0.12 NO< 0.09 Hexachlorbenzene NO< 0.06 NO< 0.07 Pentachlorophenol NO< 0.19 NO< 0. 21 

Total
3
chlorobenzes: 

NO< 0.56 < 1.29 ug/Nm @ 12% C02 
l b/hr NO-< 0.86E-04 < 3.05E-04 
Total chlorophenols: 
ug/Nm3 @ 12% co2 NO< 1.26 < 1.46 1 b/hr NO< 1. 95E-04 < 3.46E-04 

4-33 ESR 20534-621 



TABLE 4-27 
CIILOROBENZENES AND CHLOROPHENOL$ FROM COMMERCE REFUSE-TO-ENERGY FACILITY 

STACf RESULTS 
{ug/NM @ 12% C02) 

Name . 6-STK 10-STK 12-STK 19-STK 24-STK Fld Blk 2 -Ch 1 oropheno l NO< 0.03 NO< 0.04 NO< 0.04 NO< 0.03 NO< 0. 03 NO< 0.03 1,3-0ichlorobcnzene NO< 0.02 NO< 0.03 E 0.07 NO< 0.02 E 0.16 NO< 0.02 1,4-0ichlorobenzene NO< 0.03 NO< 0.04 E 0.07 NO< 0.03 E 0.13 NO< 0.02 1,2-0ichlorobenzene NO< 0.03 NO< 0.04 E 0.15 NO< 0.04 E 0.25 NO< 0.03 1,3,5-Trichlorobenzene NO< O. 05 NO< 0.06 NO< 0.06 NO< 0.06 E 0.10 NO< 0.04 2,4-01chlorophenol NO< 0.04 NO< 0.04 ND< 0.06 NO< 0.05 NO< 0.04 NO< 0. 04 2,5-Dichlorophenol ND< 0.04 ND< 0.05 NO< 0.05 ND< 0.04 NO< 0.03 NO< 0.03 2,3-01chlorophenol NO< 0.06 NO< 0.07 NO< 0.08 NO< 0. 07 NO< 0.05 NO< 0.05 3-Chlorophenol NO< 0.01 NO< 0.02 NO< 0.02 NO< 0.01 NO< 0.01 NO< 0.01 2,6-0ichlorophenol NO< 0.04 NO< 0,.05 NO< 0.05 NO< 0.05 NO< 0. 04 NO< 0. 04 4-Chlorophenol NO< 0.01 NO< 0.02 NO< 0.02 NO< 0.01 NO< 0.01 ND< 0.01 1,2,4-Trichlorobenzene NO< 0.05 NO< 0.06 E 0.16 E 0.62 E 0.62 NO< 0.04 1,2,3-Trichlorobenzene NO< 0.04 NO< 0.05 NO< 0.06 NO< 0.05 E 0.33 NO< 0.04 ~ 4-Chloro-3-Methylphenol NO< 0.03 NO< 0.04 NO<iO. 05 NO< 0.04 NO< 0.03 NO< 0.03 
I 1,2,3,5-Tetrachlorobenzene N0< ... 0.04 NO< 0.05 NO< 0.06 NO< 0.05 E 0.28 NO< 0.04 

w 
~ 1,2,4,5-Tetrachlorobenzene NO< 0.05 NO< 0.06 NO< 0.07 NO< 0. 06 E 0.34 ND< 0.05 2,3,5-Trichlorophenol NO< 0.06 NO< 0.08 NO< 0.08 ND< 0.07 NO< 0.06 NO< 0.06 2,4,6-Trichlorophenol ND< 0.05 ND< 0.07 NO< 0.06 ND< 0.04 E 0.38 NO< 0.03 2,4,5-Trfchlorophenol NO< 0.07 ND< 0.11 NO< 0.10 NO< 0.06 NO< 0.06 ND< 0.06 2,3,4-Trichlorophenol NO< 0.07 NO< 0.11 ND< 0.10 ND< 0.06 £ 0.62 NO< 0.06 1,2,3,4-Tetrachlorobenzene NO< 0.05 NO< 0.07 NO< 0.06 NO< 0.04 NO< 0,04 NO< 0.04 2,3,6-Trichlorophenol NO< 0~07 ND< 0.11 NO< 0.10 NO< 0.06 NO< 0~06 NO< 0.06 3,5-Dichlorophenol NO< 0.04 NO< 0.07 ND( 0.06 NO< 0.04 NO< 0.04 ND< 0.03 3,4-Dichlorophenol NO< 0.05 NO< 0.08 NO< 0.07 ND< 0.04 NO< 0.04 ND< 0.04 Pentachlorobenzene NO< 0.06 NO< 0.10 NO< 0.09 NO< 0.05 NO< 0,05 NO< 0.05 2,3,5,6-Tetrachlorophenol NO< 0,11 NO< 0.17 NO< 0,15 NO< 0.09 NO< 0.09 NO< 0.08 2,3,4,6-Tetrachlorophenol HO< 0.10 ND< 0.14 NO< 0.13 NO< o.oa NO< 0,07 NO< 0.07 

,., 
Hexachlorbenzene NO< 0.06 NO< 0.07 NO< 0.07 NO< 0.07 NO< 0.06 NO< 0. 05 

c.n ;a 
Pentachlorophenol NO< 0.17 NO< 0.20 NO< 0.23 NO< 0.23 NO< 0.18 NO< 0.16 

N 
0 
c.n Total Chlorobenzenes NO< 0.47 NO< 0.64 , ND< 0. 90 E< 0. 63 E< 2. 35 NO< 0. 43 
w 
~ Total Chlorophenols NO< 1.07 NO< 1.47· < 1.43 < 1.09 < 1.84 NO< 0.91 
I 

0'1 
N ..... 



TABLE 4-28 
CHLOROBENZENES AND CHLOROPHENOL$ 

FROM COMMERCE REFUSE-TO-ENERGY FACILITY 
BOILER EXI~ RESULT SUMMARY 

(ug/Nm @ 12% co2} 

Name Mixed Fuel 
Avg 

2-Chl orophenol NO< 0.18 1,3-0ichlorobenzene NO< 0.15 1,4-Dichlorobenzene NO< 0.17 1,2-Dichlorobenzene NO< 0.21 1,3,5-Trichlorobenzene NO< 0.13 2,4-Dichlorophenol NO< 0.12 2,5-0ichlorophenol NO< 0.10 2,3-Dichlorophenol NO< 0.16 3-Chl orophenol NO< 0.03 2,6-0ichlorophenol NO< 0.11 
4~h1 orophenol NO< 0.03 1,2,4-Trichlorobenzene NO< 0.13 1,2,3-Trichlorobenzene NO< 0.12 
4-Chloro-3-Methylphe~ol NO< 0.09 1,2,3,5-Tetrachlorobenzene NO< 0.12 1,2,4,5-Tetrachlorobenzene NO< 0.14 2,3,5-Trichlorophenol NO< 0.17 
2~4,6-Trichlorophenol NO< 0.30 2,4,5-Trichl orophenol NO< 0.48 2,3,4-Trichlorophenol NO< 0.47 1,2,3,4-Tetrachlorobenzene NO< 0.31 2,3,6-Trichlorophenol NO< 0.47 3, 5-0i chl oropheno 1 NO< 0.29 3,4-0ichlorophenol NO< 0.33 Pentachlorobenzene NO< 0.42 2,3,5,6-Tetrachlorophenol NO< 0. 71 2,3,4,6-Tetrachlorophenol NO< 0.62 Hexachlorbenzene NO< 0.35 Pentachlorophenol NO< 1.10 

Total
3
chlorobenzes: 

NO< 2.25 ug/Nm @ 12% co2 1 b/hr NO< 3. 5 E-04 
Total chlorophenols: 
ug/Nm3 @ 12% co2 NO< 5.76 
1 b/hr NO< 8. 8 E-04 

4-35 

Commercial Fuel 
Avg 

NO< 0.11 
E< 0.21 
E< 0.18 
E< 0.13 
E< 0.18 
NO< 0.17 
NO< 0.14 
NO< 0.22 
NO< 0.05 
NO< 0.15 
NO< 0.05 -
E< 0.18 
E< 0.16 
NO< 0.13 
E< 0.77 
E< ].00 
NO< 0.24 
E< 0.17 
NO< 0.28 
E< 0.28 
NO< 0.18 
NO< 0.28 
NO< 0.17 
NO< 0.19 
NO< 0. 25 
NO< 0.42 
NO< 2.67 
NO< 0.18 
NO< 0. 55 

< 3.42 
< 7.8 E-Q4 

< 6.27 
< 1.44 E-03 

ESR 20534-621 



TABLE 4-29 
CHLOROOENZENES AND CHLOROPiiENOLS 

FROM COMNERCE REFUSE-TO-ENERGY FACILITY 
BOILER JXIT RESULTS 
(ug/NM @ 12% C02) 

Test 6-IN 10-IN 12-IN 19-IN 24-IN Fld Blk 
Fuel r1ixed 111 xed Comm'l Comm'l Comm'l 
2-Chl orophenol NO< 0.09 NO< 0.28 NO< 0.17 NO< 0.10 NO< 0.06 NO<' 0. 03 1,3-Dichlorobenzene NO< 0. 07 NO< 0.22 E 0.14 NO< 0.08 E 0.41 NO< 0.02 1,4-0ichlorobenzene NO< 0.08 NO< 0. 25 E 0.15 ND< 0.09 E 0.31 ND< 0.02 1,2-Dichlorobenzene NO< 0.10 No.- 0.32 E 0.19 NO< 0.11 E 0.07 NO< 0.03 1,3,5-Trichlorobenzene NO< 0.15 NO~ 0.12 NO< 0.20 NO< 0.20 E 0.14 NO< 0.04 2,4-0ichlorophenol NO< 0.14 NO< 0.11 NO< 0.19 NO< 0.19 NO< 0.13 NO< 0.04 2,5-0ichlorophenol NO< 0.12 ND< 0.09 ND< 0.16 ND< 0.16 ND< 0.11 NO< 0.03 2,3-0ichlarophenol NO< 0.18 NO< 0.14 ND< .0.24 NO< 0.25 NO< 0.17 NO< 0.05 3-Chl orophenol ND< 0.04 NO< 0.03 NO< 0. 05 ND< 0.05 NO< 0.04 ND< 0.01 2,6-0ichlorophenol NO< 0.12 NO< 0.10 NO< 0.17 NO< 0.17 NO< 0.12 NO< 0.04 4-Chl orophenol NO< 0.04 NO< 0.03 NO< 0.05 NO< 0. 05 NO< 0.04 NO< 0.01 1,2,4-Trichlorobenzene ND< 0.15 NO< 0.12 E ·, 0.20 E 0.20 E 0.14 NO< 0.04 ~ 1,2,3-Trichlorobenzene NO< 0.13 NO< 0.10 NO< 0.17 ND< 0.17 E 0.12 NO< 0.04 I 4-Chloro-3-Methylphenol NO<- 0.10 NO< 0.08 NO( 0.14 NO< 0.14 · NO< 0.10 NO< 0.03 

w 
0"1 1,2,3,5-Tetrachlorobenzene NO< 0.13 NO< 0.10 ND< 0.49 NO< 1. 69 E 0.12 ND< 0.04 1,2,4,5-Tetrachlorobenzene NO< 0.16 NO< 0.12 NO< 0. 92 NO< 1.95 E 0.15 NO< 0.05 2,3,5-Trichlorophenol NO< 0.19 NO< 0.15 NO< 0.26 NO< 0.26 NO< 0.18 NO< 0. 06 2,4,6-Trichlorophenol ND< 0.28 NO< 0.31 NO< 0.25 NO< 0.16 E 0.11 NO< 0.03 2,4,5-Trichlorophenol NO< 0.45 NO< 0.51 NO< 0.41 NO< 0.26 NO< 0.18 NO< 0.06 2,3,4-Trichlorophenol NO< 0.44 NO< 0.50 NO< 0.41 NO< 0.26 E 0.17 NO< 0.06 1,2.3,4~Tctrachlorobo.nzene NO< 0,29 NO< O, 33 NO< 0,27 NO< 0.17 NO< 0.11 NO< 0.04 2,3,6-Trfchlorophenol NO< 0.44 NO< 0.50 ND< 0.40 NO< 0.26 NO< 0.17 NO< 0.06 3,5-01chlorophenol NO< 0. 27 NO< 0.31 ND< 0. 25 NO< 0.16 NO< 0.11 NO< 0,03 3,4-0ichlorophenol NO< 0.31 NO< 0.35 NO< 0.28 NO< 0.18 NO< 0.12 NO< 0.04 Pentachlorobenzene NO< O. 39 NO< 0.44 NO< O. 36 NO< 0.23 NO< 0.15 NO< 0.05 2,3,5,6-Tetrachlorophenol NO< 0.66 NO< O. 75 NO< 0.61 NO< O. 38 NO< 0.26 NO< o.oa ,., 

2,3,4,6-Tetrachlorophenol ., NO< 0. 58 NO < 0.65 NO< 0.53 NO< 3. 55 NO< 3.95 NO< 0.07 
c.,., 
;o Hexachlorbenzene NO< 0.45 NO< 0.26 NO< 0.24 NO< 0.17 NO< 0.12 NO< 0.05 N Pentachlorophenol NO< 1.39 ND< o.ao NO< 0.76 'NO< 0. 53 NO< 0.38 NO< 0.16 
c 
0'1 
w 
Ja Total Chlorobenzenes NO< z.oa NO< 2.39 E < 3. 33 E < 5. 06 E < 1.85 NO< 0.43 
I 

Ol Total Chlorophenols NO< 5.84 NO< 5.72 E< 5.32 E< 7.10 E< 6.40 NO< 0.91 
N .... 



.. 
~ . . . 

4.2.3 Trace Metals 

This sect ion presents the results of the trace metals tests. Metal 
analyses were performed on samples from three types of sample trains: a 
dedicated metals train, the total particulate trains, a.nd a dedicated chranium 
train. Table 4-30 presents a summary of the metals enrf"ssions at the stack. 
Hore detailed results are presented in the following tables: 

Table 4-31 
Table 4-32 

Table 4-33 

Table 4-34 

Table 4-35 

Table 4-36 

Table 4-37 

Metals measured by metals train at: stack. on mixed fuel 
Metals measured by metals train at boiler exit on mixed fuel 
Metals measured by metals train at stack on commercial refuse ~ 
Hetals measured by metals train at boiler exit on commercial refuse 
Metals measured by particulate train on mixed fuel 
Metals measured by particulate train on commercial refuse 
Chranium measurements on ccr.~mercial1 refuse 

The results show that at the stack most metals wcere below the 
quantitation limit. Low levels of antimony, barium, bor.on, cbrane, lead, 
manganese, mercury, and zinc were measured. 

~-37 ESR 20534-621 
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TABlE 4-30. SUMMARY OF ME:rAI.S .MEA5UREMENIS M ~-
(UGfNM3 a:>RRECI'ED 'IO 12% <X>2) 

Mixed E\lel camnercia.l. refUse stack Blr exit stack Blr exit ********* ********* *******"* ********* 
Aluminum _I'Q < 16.2 178,000 < 16.2 73,600 Ant.iirony .II! Jt 0.29 822 0.33 2,621 Arsenic < 0.16 78 < 0.08 76 Barium 117 4,700 < 116 < 2,382 Beryllium < 0.19 6.88 < 0.~7 3.~1 Bismuth ..,c::., 0.16 31.4 < 0.02 28.9 
Boron ... 344 3,320 555 2,216-cadmium 2 •. 0 1,680 0.4 1,050 calcium t!!S 56 _~193,000 64 108,000 er (metals train) 2.4 3,620 < 0.31 627 Cr (chrome train) N/A N/A 0.24 931 Hexavalent Cllrc:mi.um N/A N/A < 0.42 20.8 
Cobalt < 0.34 -- 111 < 0.11 88 Copper' <54 8,820 < 56.1 29,200 In:tium • < 0.27 < 23 < 0.16 < 0.65 Iron 'k <54 84,200 < 133 46,600 lead 1.97 18,100 3.22 17,200 Magnesium~ < 270 88,900 < 543 < 46,600 
Marganese ~ 0.96 3,240 1.46 1,870 Mero.n:y 

fiL 
41.4 475 75.8 287 Holylxlenum 4 < 12.5 522 < 11.8 < 745 Nickel 6.3 4,200 < 0.28 2,080 Fhosphorus ~ < 10,800 8.73E06 < 10,800 1.9E06 Potassium "1t < 38.9 202,000 < 35.4 73,000 

Selenium < 2.72 < 84 < 2.52 55 ·silicon ~ 66 1,864 55 187 So:lium ~ < 38.9 114,700 < 35.4 76,200 Tin ~ < 2 800 <2 254 Vanadium < 0.09 257 < 0.25 65 Zinc 38.5 90,900 35 83,400 

Note: Data fran Test 18 not included in s'"..ack average for camnercial refuse due to baghouse leak during test. 
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TABLE 4-Jl. METALS MEASURED BY METALS TRAIN AT STACK, MIXED FUEL. 

Test No. 3-Stack 5-Stack 9-Stack Average ugjNm3 ugjNm3 ugjNm3 ugjNm3 @12% C02 @12% C02 @12% C02 @12% C02 lb/hr ********* ********* ********* ****"'"'*"'* ***** Aluminum < 16.1 < 16.4 < 16.1 < 16.2 < 0.0026 Antimony 0.54 0.16 0.16 0~29 0.00005 Arsenic 0.02 < 0.02 0.45 < 0.16 < 0.00003 Barium 103 137 112 117 0.0190 Bismuth 0.41 o. 04- 0.04 0.16 0.00003 Boron 182 219' 632 344 0.0554 Cadmium 0.6 0.4 4.9 2.0 0.00032 Calcium 20 21 127 56 0.0090 Chromium 3.2 1.5 2.3 2.33 ·o. ooo38 Cobalt 0.16 0.44 0.43 0.34 0.00006 Copper < 53.6 < 54.8 < 53.5 < 54.0 < 0.0087 .t:> Indium < 0.16 0.49 < 0.16 < 0.27 < 0.00004 
I Iron < 54 < 54.8 < 53.5 < 54.1 < 0.0087 

w 
l.O Lcud 1.61 0.55 3.75 1.97 0.00032 ·Magnesium < 268 < 274 < 268 < 270 < 0.0436 Manganese 1. 45 0.99 0.43 0.96 0.00016 Mercury 38.7 42.4 43.2 41.4 0.0067 Molybdenum < 12.1 < 13 < 12.3 < 12.5 < 0.0020 Nickel 1.8 0.66 16.5 6.3 0.0010 Phosphorus < 10,700 < 10,960 < 10,700 < 10,787 < 1.75 Selenium < 2.68 < 2.81 < 2.68 < 2.72 < 0.00044 Silicon 52 {54 92 66 o.o1o1 Tin < 2 < a < 2 < 2 < 0.0003 vanadium < 0.11 < 0.05 < 0.11 < 0.09 < 0.00001 Zinc 40.3 34.6 40.7 38.5 0.0062 .., 
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TABLE 4-32. METALS MEASURED BY METALS TRAIN AT BOILER EXIT, MIXED FUEL. 

Test No. 3-Inlet 5-Inlet 9-Inlet Average ugjNm3 ugjNm3 ugjNm3 ugjNm3 @ 12% C02 @ 12% C02 @ 12% C02 @ 12% C02 lb/hr ********* ********* ********* ********* ***** Aluminum 213,000 157,000 164,000 178,000 26.5 Antimony 1,112 3U1 974 822 0.12 Arsenic 88 59 87 78 0.012 Barium 8,455 2,795 2,835 4,695 0.71 Bismuth 16.2 25.5 52.6 31.4 0.0047 Boron 3,287 4,007 2,669 3,321 0.49 Cadmium 1,480 2,000 1,550 1,680 0.25 Calcium 364,000 18,600 198,000 193,500 29.5 Chromium 7,530 1,330 1,990 3,620 0.55 ~ 

cobalt 174 72 ' 88 111 0.017 
I 
~ 

7,130 14,500 ;4,824 8,810 1.29 
0 Coppar 

Indium < 10 56 < 1 < 23 < .003 Iron 120,000 74,700 57,800 84,167 12.6 Lead 4,298 26,100 24,000 18,133 2.65 Magnesium 83,900 39,900 143,000 88,933 13.3 Manganese 3,964 3,363 2,377 3,235 0.48 Mercury 712 351 361 475 0.071 Molybdenum 1,163 216 186 522 0.079 Nickel 10,300 1,980 415 4,240 0.65 Phosphorus 1.29E+07 3,59E+06 9.7lE+06 s.73E+06 1,318 Selenium < 180 35 36 < 84 < .0127 Silicon 3,670 482 1,440 1,860 0.28 Tin 1,360 321 726 800 0.12 1""'1 vanadium 349 294 127 257 0.038 "' Zinc 144,000 58,900 69,900 90,933 13.7 
;o 
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TABLE 4-33. METALS MEASURED BY METALS TRAIN AT STACK, COMMERCIAL REFUSE. 

Test No. 13-Stack 16-Stack 29-Stack 18-Stack Average ug/Nm3 ugjNmJ ugjNmJ ugjNmJ ug/NmJ (112% C02 @12% C02 @12%- C02 @12% C02 @12% C02 1b/hr ********* ********* ********* ********* ********* ***** Aluminum < 16.1 < 15.8 < 16.7 168 .< 16.2 < 0.0026 Antimony 0.11 0.16 0.72 0.1 0.33 o.oooos Arsenic < 0.02 0.19 < 0.02 1.38 < o.oa < 0.00001 Barium < 107 124 < 116 < 221 < 116 < 0.0188 Bismuth 0.02 < 0.02 0.02 0.17 < 0.02 < 0.00001 Boron 339 781 ' 546 459 555 0.0904 Cadmium 0.5 0.3 0.4 18 0.4 0.00006 Calcium 45 26 121 3,000 64 0.010 Chromium 0.54 0.36 < 0.02 3.63 < 0.31 < 0.00005 Cobalt 0.11 0.16 < 0.06 < 0.52 < 0.11 <· 0. 00002 Copper 60 < 52.7 < 55.7 < 52.2 < 56.1 < 0.0091 
~ 
I Indium < 0.16 < ~).16 < 0.17 < 0.16 < 0.16 < 0.00003 
~ 

Iron 176 52.7 171 < 52.2 < 133 0.0215 

...... 
< 

< Lead 4.84 3.16 1. 67 365 3.22 0.00053 MC\gnesium 288 < 1055 287 < 792 < 543 < 0.0890 Manganese 0.11 0.42 3.84 4.96 1.46 0.00023 Mercury 56.7 85.7 05 30.6 75.8 0.0123 Molybdenum < 10.5 < 11.9 < 12.9 < 15.7 < 11.8 < 0.0019 Nickel < 0.02 0.46 0.36 2.6 < 0.28 < 0.00005 Phosphorus < 10760 < 10550 < 11130 < 10400 < 10,813 < 1. 76 Selenium < 2.54 < 2.17 < 2.85 < 4.17 < 2.52 < 0.00041 Silicon 67 68 31 < 2 55 0.009 Tin < 2 < 2 < 2 14 < 2 < 0.0004 VanacUum 0.59 < 0.05 < 0.11 < 0,()5 < 0.~5 < 0.00004 Zinc 33.9 35.4 ~s.a 1330 35.0 0.0057 
,., 
VI 
;;o 

N 
0 
c.n 
w 
~ 
I 

0\ 
N Note-Test 18 not included in averages due to baghouse leak. 
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TABLE 4-34. METALS MEASURED BY METALS TRAIN AT BOILER EXIT, COMMERCIAL REFUSE. 

Test No. 13-Inlet 16-Inlet 29-Inlet 18-Inlet Avo raga ug/Nm3 ug/Nm3 ug/Nm3 Ug/Nm3 ug/Nm3 @12% C02 @12% C02 @12% C02 @12% C02 @12% C02 lb/hr ********* ********* ********* ********* ********* ***** Aluminum N/A 138,000. 39,100 43,700 73,600 13.8 Antimony 693 857 446 8,488 2,621 0.43 Arsenic 2.7 112 96 92 76 0.014 Barium < 1,541 1,480 1,535 < 4,973 < 2,382 < 0. 41 Bismuth 5.6 29.8 48.1 32.2 28.9 0.0052 Boron 1,980 2,898 2,209 1,778 2,216 0.38 Cadmium 1,440 20 1,390 1,330 1,045 0.17 Calcium 14,000 208,000 132,000 76,400 107,600 19.8 Chromium 618 546 316 1,027 627 0.107 Cobalt 77 188 46 42 88 0.015 ~ Copper N/A 76,000 3,853·· 7,599 29,151 5.48 
I Indium < 0.67 < 0.88 < 0. 49 .. < 0.57 < 0.65 < 0,0001 

A 

28,300 ; 37~800 

N Iron 59,300 .9.0' 3 00 53,925 9,37 Lead 7,648 25,000 15,000 20,400 17,212 3.09 Magnesium N/A < 88,300 < 3,296 < 48,200 < 46,599 < 8,81 Manganese N/A 3,203 970 1,428 1,867 0.35 Mercury 312 184 332 321 287 0.049 Molybdenum 401 1,327 309 < 941 < 745 < 0.13 Nickel 2,240 4,140 1,400 540 2,080 0.37 Phosphorus 2,99E+06 2.92E+06 906,000 870,000 loP2E+06 326 Solen! urn 28.6 28.8 37.6 123 55 0.0095 Silicon 306 < 7 33() 96 187 0.031 •rin < 9 < 7 771 227 254 0.045 vanadium N/A 94 67 36 65 0.012 Zinc 59500 79,790 .71,700 122,600 83,398 14.5 
r-"1 
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TABLE 4-35. BERYLLIUM, SODIUM, AND POTASSIUM RESULTS ON MIXED FUEL. 
Test No. 
******** 

ugjNm3 @ 12% C02: 
· 2-Stack 

7-Stack 
11-Stack 
Stack avg. 

ugjNm3 @ 12% C02: 
2-Inlet 
7-Inlet 

11-Inlet 
Inlet avg. 

Beryllium 
********* 

< 0.18 
0.17 

< 0.22 
< 0.19 

15.2 
0.69 
4.75 
6.88 

Mass emissions, 
Stack avg. 
Inlet avg. 

lbfhr: 
< 0.00003 

0.00107 

TABLE 4-36. BERYLLIUM, SODIUM, 
COMMERCIAL REFUSE. Test No. 

******** 

ugjNm3 @ 12% C02: 
14-Stack 
21-Stack 
27-Stack 
Stack avg. 

ugjNm3 @ 12% C02: 
14-Inlet 
21-Inlet 
27-Inlet 
Inlet avg. 

Beryllium 
********* 

< 0.15 
< 0.19 
< 0.18 
< 0.17 

5.40 
2.94 
3.08 
3.81 

Mass emissions, 
Stack avg. 
Inlet avg. 

lbfhr: 
< 0.00003 

0.00062 

Potassium 
********* 

< 36.9 
< 33.1 
< 46.0 
< 38.9 

323,000 
127,000 
157,000 
202,000 

<0.0059 
31.6 

Sodium 
****** 

< 36.9 
< 33.1 
< 46.0 
< 38.9 

1.44,000' 
92,100 

108,000 
114,700 

<C.0059 
18.0 

AND POTASSIUM ~ULTS ON 

Potassium 
********* 

4-43 

< 32.6 
< 38.6 
< 35.0 
< 35.4 

94,800 
53,800 
70,300 
73,000 

< 0.0056 
11.91 

Sodium 
****** 

< 32.6 
< 38.6 
< 35.0 
< 35.4 

99,500 
43,600 
85,500 
76,200 
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TABLE 4-37. RESULTS OF DEDICATED CHROMIUM TRAIN TESTS ON COMMERCIAL REFUSE. 

Total Hexavalent Test No. Chromium Chromium ******** ********* ********** 
ugjNm3 @ 12% C02: 

23-Stack 0.47 < 0.43 25-Stack < 0.04 < 0 .. 41 26-Stack 0.21 < 0.43 Stack avg. 0.24 < 0.42 
ugjNm3 @ 12% C02: 

23-Inlet 4.47 24.1. 25-Inlet 909 1.7.5 26-Inlet 953_ 5.8 Inlet avg. -~31 20.8 
Mass emissions, lbjhr: 

Stack avg. 0.00004 < 0.00007 Inlet avg. 0.156 o. 0037 

Notes: 
1. Test 23 not included in inlet total chromium average due to suspicious result. 
2. Test 26 not included in inlet hex chrome average due to color interference during analysis. 
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4.2.4 Volatile Organic Species 

Samples for trace volatile hydrocarbon analysis were collected in Tedlar bags at the boiler exit and stack. Triplicate samples were collected at each location on each of the two test fuels. 
The samples were analyzed two ways. First, gas chromatography ~th a Hall electron capture detector (ECO) and a photoionization detector was used. This method provided very low detection levels (<0.1 ppb) for ten' target canpounds. Second .. a GC/115 scan per EPA Hethod 8240 was perfonned. This procedure provides concentration values for 41 species, with detection 1 imits of 3 to 30 ppb. 

The results of the GC/ECD and PID tests are presented in Tables 4-38 and 4-39 for the residential/commercial mix and c?mmercial fuels, respectively. The results show that all species were present at or below their detection limits of 0.1 to 0.22 ppb for both fuels. There were no significant differences between results at the boiler exit and stack. 
No detectable levels were measured for any species on the GC/MS scan. A list of species and the detection limits are presented in Table 4-40. 
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TABLE 4-38. TRACE VOLATILE HYDROCARBONS WHILE FIRING RESIDENTIAL/COMMERCIAL lUX 

Stack Species Boiler exit, ppb lPPb lb/hr 

Vinyl chloride NO <0.12 ND <0.22 NO <6.8 x 10-5 Methylene chloride NO <0.1 NO <0.1 ND <7. 7 x 1 o-5 Chl orofonn NO <0.1 ND <0.1 NO <1.1 x 10-4 1,2-0ichloroethane NO <0.1 NO <0.1 ND <9.0 x 10-5 1,1,1-Trichloroethane NO <0.14 ND <0.17 NO <1...7 x lo-4 Carbon tetrachloride NO <0.1 Nil <0.1 NO <1.4 x 10-4 Trichloroethylene NO <0.1 ND <0.1 ND <1.2 x Io-4 Ethylene bromide NO <0.1 NO •<0.1 NO <1. 7 X 10-4 Tetrachloroethylene NO <0.1 NO <0.1 ND <1.5 x lo-4 Benezene NO <0.17 rut <0.1 NO <1. 2 X 10-4 

-· Total NO <1.1 NO <l.Z NO <.0012 

NOTES: 

1. These results obtained using GC/ECD and GC/PIO 
2. There were no unidentified peaks, implying (but not proving} the absence of similar halocarbons at 0.1 ppb. 
3. No measurable levels were detected for any species on the blank sample. 

4. A GC/MS scan was also done for 41 compounds. See Table 4-40 for a list of compounds and detection limits. 
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TABLE 4-39. TRACE VJLATILE HYDROCARBONS WHILE FIRING C(}1f-i£RCIAL REFUSE 

Stack 
Species Boiler exit, ppb ppb lb/hr 

Vi.nyl chloride NO <0.1 ND <0.22 NO <5. 1 x lo-s Methylene chloride NO <0.1 NO <0.1 NO <7.7 x 10-5 Chl orofonn NO <0.1 NO <0.1 NO <1.1 x lo-4 
1,2-Dichloroethane NO <0.1 ND <0.1 NO <9.0 x 10-5 1,1,1-Trichloroethane NO <0.1 NO <0.17 NO <1..2 x lo-4 Carbon tetrachloride NO <0.1 NO <0.1 NO <1.4 x 10-4 Trichloroethylene NO <0.1 NO <0.1 NO <1. 2 x 10-4 Ethylene branide NO <0.1 NO <0.1 NO <1. 7 x 10-4 Tetrachloroethylene NO <0.1 NO <0.1 NO <1. 5 x 1 o-4 Benezene NO <0.1 NO <G .. l NO <1.2 x 10-5 

Total NO <1.1 liD <1.2 NO <.0012 

NOTES: 

1. These results obtained using GC/ECD and GC/PIO 
2. There were no unidentified peaks, implying (but not proving) the absence of similar halocarbons at 0.1 ppb. 
3. No measurab 1 e 1 evel s were detected for any specfes on the blank sample. 

4. A GC/HS scan was also done for 41 compounds. See Tab te 4-40 for a list of compounds and detection limits. 
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TABLE 4-40. DETECTION LIF1ITS FOR TRACE VOLATILE HYDROCARBONS BY GC/MS SCAN. NO SPECIES WERE DETECTED ON ANY SAf.tPLE 

Chloranethane 
Bromomethane 
Vinyl Chloride 
Chloroethane 
Methylene Chloride 
Acetone 
Carbon Disulfide 
Trichlorofluoromethane 
1,1-Dichloroethene 
1,1-Dichloroethane 
trans-1,2-Dichloroethene 
Chl orofonn . 
1, 2-Di chl oroethane -
2-Butanone · · 
1,1,1-Trichloroethane 
Carbon Tetrachloride 
Vinyl Acetate 
Bromodichloromethane 
1, 2-C1 chl oropropane 
cis-1,3-Dichloropropene 
Trichl oroethene 
Benzene 
Chlorodibramomethane 
trans-1,3-nichloropropene 
1, 1, 2-Trichl oropropane '-
2-Chloroethoxy ethene 
Bramofonn 
4-Methyl-2-Pentanone 
2-Hexanone 
Tetrachloroethene 
1,1,2,2-Tetrachloroethane 
To 1 uene 
Ch 1 orobenze ne 
Ethyl Benzene 
Styrene 
m-Xylene 
p&o-Xyl ene 
1,3-Dichlorobenzene 
1, 2-Di chl oro_benze ne 
1,4-Dichlorobenzene 
Chl orophenols 

4-48 

ppb 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
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4.2.5 Fonnaldehyde 
.. 

The results of the fo nnal de hyde tests are presented in Table 4-41 • Formaldehyde tests were performed on c~mercial refuse only. The results show that formaldehyde concentration were barely above the field blank/ambient 1 evel of .016 ppm for two of the three test runs. For Test 268. a. 1 evel of 0.2 ppm was measured. 

TABLE·4-41. RESULTS OF FOffi4ALDEHYDE TESTS ON COMMERCIAL REFUSE 

-· Test No 26A 266 2BA Average Field Blank 

Date 8/3 8/3 8/4 8/4 

Time 1500-1550 1635-1735 1505-1605 

Fonnal de hyde: 
.• .. :_·-

ppm .022 .20 .016 .079 -.016 ppm at 3% 02 .036 .30 .024 .120 
l b/hr .0058 .051 .0043 .0204 .0042 
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4.2.6 Nitrosamines 

The results of the nitrosamine tests are presented in Tables 4-4Z and 4-43. No detectable levels of nitrosamines were found on any a'f the samples. 
4.2.7 Acid Gases 

The results of the HCl and HF tests are presented in Table 4-44 for mixed refuse and Table 4-45 for commercial refuse. HCl emissions at the stack averaged 8 ppm at 3% 02, and HF emissions at the stack averaged 0.1 ppm. Th':e removal efficiency of the quench reactor baghouse system was 99.M for· HCl aad 98.9% for HF. 
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··- TABLE 4-42. NITROSAMINE RESULTS ON COMHERCIAL/RESIOENTIAl MIX ·:·.- .• :.':' 
' 'r 

Stack 
..::.·_-.·;_. . 
-:·_, • · < 

. . Test 9A lOA lOB Avg • 
-·· 

··- ";;·.-· .. 

~ - .. ug/train NO <.28 NO <.28 N10 <.28 NO <.2c - -~ ·~-- .. 

-
ug/Nm3 @ 12% C02 NO <9.1 NO <6.7 ND <8.5 NO <8.1 

1 b/hr NO <1.5 X Io-3 NO <1.0 X Io-3 ND <1 .. 1 x lo-3 NO <1.2 

. ·:-~ 

Boner Exit 

Test 9A lOA ].08 Avg. 

ug/train ND <.27 ND <.28 NO <.25 ND <. 21 

ug/Nm3 @ 12% co2 NO <5.1 NO . <3. 7 Nil <4.4 NO <4.4 

1 b/hr NO <7. 0 x 1 o-4 NO <5. 6 x 10-4 NO <6.6 X 10-4 NO <6.4 X 1 

4-51 ESR 20534-621 



·· · TABLE 4-43. NITROSANINE RESULTS ON COMMERCIAL FUEL 

Stack 

Test 12A 128 12C Avg. 

ug/train NO <.30 NO <.31 ND <.30 NO <.31 

ug/Nm3 @ 12% co2 NO <4. 3 NO <3.6 NO <3 .. 7 NO <3.9 

1 b/hr NO <7. 3 x 1 o-4 NO <Q. 3 x 10-4 am <5.9 x Io-4 NO <6. 5 

Boiler Exit 

Test 12A 128 12C Avg. 

ug/train NO .<.29 NO <.28 ND <.3~ NO <.30 

ug/Nm3 @ 12% co2 NO <3. 2 NO <3.1 ND <3 •. 5 NO <3.3 

1 b/hr NO <5. 0 X 1 o-4 NO <4. 8 x 10-4 NO <5.4 x 10-4 NO <5.0 X 1' 
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TABLE 4-44. 

Location 

Test 

HCl ppm 
ppm @ 3% o2 
lb/hr 

HF ppm 

ppm @ 3% o2 
l b/hr 

2 

671 

984 

196 

3.22 

4.72 

.52 

TABLE 4-45. 

location 

Test 

HCl ppm 
ppm @ 3% o2 
lb/hr 

HF ppm 

ppm @ 3% o2 
1 b/hr 

14 

564 

807 

165 

2.74 

3.92 

.44 

HCl AND HF EMISSIONS AT BOILER EXIT AND STACK FIRING RESIDENTIAL/Ca1MERCIAL MIX 

Removal Boiler Exhaust Stack Eff. 

7 11 Avg. 2 7 11 ~ ~ 

378 688 579 5.4 5.8 6.5 5.9 
534 976 831 9.0 9.0 10.3 9. 4 
105 201 167 1.8 1.7 2.0 1.8 98.9 

3.96 5.99 4.39 0.11 0.063 0.047 0.073 
5.60 8.49 6.27 0.18 0.097 o. 074 0.12 
.61 .97 . .71 .021 .010 • 0082 o. 013 98.8 

HCl AND HF EMISSIONS AT BOILER EXIT AND STACK-FIRING COMt4ERCIAL FUEL 

Removal Boiler Exhaust Stack Eff. 

21 27 Avg. 14 21 27 Avg. Avg. 

249 695 503 7.6 2.6 3.3 4.5 
341 910 686 11.4 4.1 5.6 7.0 
67 184 139 2.37 0.80 1.05 1.41 99.0 

5.86 8.67 5.75 .036 .036 .087 .53 
8.03 11.35 6.46 .054 .057 .15 .087 
.87 1. 27 .86 .0061 .0060 .0154 .0092 98.9 
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APPENDIX A 
: •. '7': J: ........ ~-~- ...... -

MEASUREMENT PROCEDURES - GENERAL DESCRIPTIONS 
_-, --:,;.·_' 

--.. . . . . 
, _ Continuous Emissions Monitoring System . -' ·:- ,- ---~~----.'-,· -·;,/· ~~b~ygen (o2)_b.Y _Continu.ou~ Analyzer- .· 

_- -Carbon. Dioxid~ (co2) by Continuous Analyze.r 
. _ ... · NO/NOx by Continuous Analyzer 

Carbon Monoxide (CO) by Continuous Analyzer {TECO) 
Sulfur Dioxide {S02) by Continuous Analyze,r 

. . .- _:· ,. . ;~_:.-· .: ~~------~-. 

Total Particulate by EPA Method 5, with Condensible Analysis 
Sulfur Oxides by SCA~10 Procedures 
Hydrocarbons by SCAQHO TCA Method 

Detenni nation of Hoi sture 1n Stack Gases 
Semi-Volatile Organic Sampling Train Procedures 

Flow Chart for Semi-VOST Analyses 
-= . •. · ·-·. 
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Continuous Emissions Monitoring System 

o2, CO, co2, NO, NOx, and so2 are measured using an extractive contin­uous emissions mon1toring (CEM) package, shown in the following figure. This package is comprised of three basic subsystems. They are: (1) the s-ample acquisition and conditioning system, (2) the calibration, gas system, anct {3) the analyzers themselves. This section presents a descr;ption of the sampling and calibration systems. Descriptions of the analyzers used in this program and the corresponding reference test methods follow. !Gformation reganding quality assurance i nfonnation on the system, including calibration routines and system performance data follows. · 

The sample acquisition and conditioning system contains components to extract a representative sample from the stack or flue, 1.:ransport the sample to the analyzers, and remove moisture and particulate material fran the sam­ple. In addition to perfonning the tasks above, the system must preserve the measured species and deliver the sample for analysis intatct. The sample acquisition system extracts the sample through a stainless steel probe. The probe is insulated or heated as necessary to avoid condemsation. If the particulate loading in the stack is high, a sintered stafnless steel filter is used on the end of the probe. 

Where water soluble N02 and/or S~ are to be measured, the sample is drawn from the probe through a heated TefTon sample line into a supercooled (approximately -20 °C) water removal trap. The trap consists of stainless -steel f1 asks in a bath of dry ice and anti freeze. If dr.w ice is not 1 ocally avail able, ice and rot~<- salt are used. This design remowes the water vapor by condensation and freezes the liquid quickly. The contact between the s~ple and liquid water is minimized. Since, the solubility of the N02 and so2 in ice is negligible, these species are conserved. This system meets the require­ments of EPA Method 20. The sample is then drawn through\ a Teflon transport line and particulate filter, into the sample pump. The p·,ump i~ a dual head, diaphragm pump. All sample-wetted components of the pump- are s!.ainless steel or Teflon. The pressurized sample leaving ~he pump flows throush a stainless steel refrigerated (38 °F) compressed air dryer for final moist~re -removal. A drain 1 ine and valve are provided to constantly expel any conde:-sed moisture from the dryer. After the dryer, the sample is directed into a distribution manifold. Excess sample is vented through a back-pressure regw1ator, main­taining a constant pressure of 5-6 psig to the analyzers. 

The calibration system is comprised of two parts: the analyzer cali­bration, and the system calibration check (dynamic calibration). The analyzer calibration equipment includes pressurized cylinders of certi~ied span gas. The gases used are, as a minimum, certified to ±1% by the manufacturer where necessary, to comply with reference method requirements. EPA Protocol 1 gases are used. The cylinders are equipped with pressure regu] a tors ~ich supply the calibration gas to the analyzers at the same pressure and flow rate as the sample. The select ion of zero, span, or sailp1 e gas directed to each analyzer is accomplished by operation of the sample/calibration selector valves. 
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The system calibration check is acc001pl i shed by transporting the same gases used to zero and span the analyzers to the sample conditioner inlet {probe exit). The span gas is exposed to the same elements as the sample and the system response is documented. Where the supercooled moisture removal system is used, water is added to the knockout flasks bef'ore the pre-test checL The analyzer indications for the system calibration check must agre,e within 3% of the analyzer calibration. Values are adjus~ed and changes/ repairs are made to the system to compensate for any d.if"ference in analyzer readings. Specific information on the analytical equfpnent and test methods used is provided in the following pages. 

A-4 ESR 20534-621/Vol. 1 



Method: Carbon Dioxide (C02) by Continuous Analyzer 
Applicable 
Ref. Methods: EPA 3A, ARB 1-100, BA ST-5 

Principle: A sample is ~ontinuously drawn from the f1 ue gas stream, conditioned, and conveyed to the instrument for direct readout of co2 concentration. 

Analyzer: Horiba PIR 2000 

Measurement 
Principle: · Nondispe_rsive infrared (NDIR) 

Accuracy: ±1% of full scale 

Ranges: 0-5, 0-10, 0-25% 

Output: 0-10 mV 

Interferences: A possible interference includes water. 

Response 
Time: 1.2 seconds 

Sampling 
Procedure: A repr~sentative flue gas sample is collected and con­ditioned using the CEM system described previously. _ Sample point selection is as described in the report. 
Analytical 
Procedure: Carbon dioxide concentrations are measured by snort pathl ength nondi spers i ve infrared analyzers. These instruments measure the differential in infrared energy absorbed from energy beams passed through a referen-ce cell (containing a gas selected to have minimal absorp­tion of infrared energy in the wavelength absorbed by the gas component of interest} and a sample cell through which the sample gas flows continuously. The differen­tial absorption appears as a reading on a scale of 0 to 100%. 
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When N02_ is expected to be present in tbe f1 ue gas, a supercoOled water drop-out f1 ask will be placed in the ··sample 1 i ne to avoid 1 oss of NOz. Si nee N02 is highly soluble in water, ufreezing out the water will allow the N02 to reach the analyzers for analysis. The analy­zer measures NO only. In the NOx mode, the gas is passed through a moly converter which converts N02 to NO and a total NOx measure~rent is obtained.. N02 __ is deter­mined as the difference between NO and ~Ox. -use of a moly converter instead of a stainless steel converter eliminates NH3 interference; NH3 is converted to NO with a stainless converter, but not with a moly converter • 
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Comparison to Use of this method with the co2 and HzO interference Other Methods:-- corrections has yielded results within lS of instrument seale when canpared to simultaneous tests perfonned using the SCAQMD TCA method • 
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Sample Trafn for Determination of Total-Particulate by EPA Method 5 
with Condensible Analysis 
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Method: 

Reference: 

Principle: 

Sampling 
Procedure: 

Sample 
Recovery and 
Analysis: 

Sulfur Oxides by SCAQMD Procedures 

- SCAQMD Source Testing Manual, September 1977 

A metered flue gas sample is drawn through a glass probe, a temperature-controlled filter to collect sul­furic acid mist, followed by a series off impingers to collect sulfur trioxide and sulfur dioxide. 

The sample train used in the tests is shown on the following figure. Sulfuric acid mist is. collected on the filter, sulfur trioxide is collect~ in an optional · impinger containing isopropyl alcohol, and sulfur diox­ide is absorbed and oxidized to sulfuric: acid in the second and third impingers. The fourth impinger contains silica gel. 

Unless a significant fraction of the sulf"ur oxides is present as sulfuric acid mist, isokinetfc sampling is not required •. If isokinetic sampling is required, a multiple-point collection shall be made. Proportional sampling will be necessary' however' whem the f1 uctua­tion in gas flow and composition vary witth time by more than 20%. Following a 1 eak check, a one-hour sample is drawn through the train at a rate of O.S: to 1. 0 CFM. At five-minute intervals, the following data is recorded: sample point location, clock time, gas rn~ter volume reading, in 1 et and outlet gas meter temp~ratures, and pressure differential of the flow rate o;rifice. During sampling, the filter temperature is main~ained at 180 to 200 °F, and the filter temperature is recorded. 

Sample recove~ involves Weighing the i~pingers to detennine stack gas moisture content, and recovering the following samples for sulfur oxide a.nalysis: · 
1. Probe wash and filter (sulfuric acid mist} 2. IPA impi nger and back-up filter (S03 , optional) 3. H2o2 impingers (so2) 

Each sample is titrated by acid base titration to deter­mine acid sulfate content. If interfering species are present, barium chloride titration as sp~cified in EPA Method 8 is perfonned. 

When this method is used in conjunct ion with SCAQMD total particuJate testing, the sulfuric acid mist frac­tion is calculated as H2so4·2H20 and adcad to the par­ticulate catch. 
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Method: 

Reference: 

Pr1 nci pl e: 

Sampling 
Procedure: 

Analytical 
Procedure: 

Hydrocarbons by SCAQMD Total Carbon Analysis {TCA} Method 

A. E. Sal o, et. al, 11 Total Combustion Analysis: A Test f~thod for Measuring Organic Carbon, Carbon Monoxide, and Carbon Dioxide in a Solvent Effluent Control Program," County of Los Angeles Air Pollution Control District, 1974. 

An evacuated tank, preceded by a cold trap immersed in dry ice, is filled with f1 ue gas at a constant rate. The tank contents are analyzed by gas chromatography for CO, CH4, co2, and nonmethane hydrocarbons. The trap contents are analyzed separately for condensible hydro­carbons by combustion and measurement of co2• 

A sample is call ected at the source (usually rrcm a stack or vent} into an evacuated tank precededl by a cold trap immersed in dry ice. The flow rate is regulated so that it is contant and the period sampled is one hour if possible. Pitot and temperature measurem1ents ofthe total stack or vent flow are made. Durirag sample col­lection, the lighter canponents pass as gases through the trap into the tank. Heavier components condense as liquid and solids in the trap. 

In the analytical phase, tank and trap content:s are processed separately. Refer to the attached flow dia­gram on the course of a TCA sample to the strfp chart recorder. Gaseous carbon compounds fran the tank are fractioned on a chromatographic column, eluting in the order: carbon monoxide, methane, carbon dioxide. Carrier-gas fl·ow is then reversed and organic .canpounds · other than methane are eluted off of the col umm as •back flush''. All resulting vapors are passed throu;gh oxidi­zers where they are converted to carbon dioxid~ and measured by nondispersive infrared detectors. 

ESA subcontracts TCA analysis to qualified local labora­tories experienced in the analytical procedures. These laboratories also supply the tanks for sampling. 
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Method: Detennination of Moisture in Stack Gases 
Applicable EPA 4, ARB 1-4 
Ref. Methods: 

Principle: 

Sampling 
Procedure: 

Sample 
Recovery and 
Analysis 

A gas sample is extracted at a constant rate from the source; moisture is removed from the sample stream and detenni ned vol um~trically or gravimetrically. 
The sample train used in the tests is shown in the following figure. The sample is drawn at a constant .rate through a stainless steel probe. The probe is connected to an impinger train by Teflon tubing. The train consists of two Srnith-Greenburg impingers which contain 100 ml water, an empty impinger as a knockout. and an impinger containing silica gel to protect the pump from moisture. 

Following testing, moisture content is determined gravimetrically from initial and final impinger weights. 
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Method: 

References: 

Pri nci pl e: 

Sample Train 
Preparation: 

Sampling: 

Semi-volatile Organic Sampling Train (Semi-VOST) 
·CARS Method 428 (for di oxi ns/furans) Draft CARS Method 429 {for PAH) 
ASME Modified Method 5 

A metered flue gas sample is collected fsokinetically, and semi-volatile organic compounds are collected on a heated filter, on water-cooled XAD-2 resin module, and in an iced impinger bath. Depending upon the specific test requirements, the samples are then analyzed for such species as polychlorinated dibenzodioxins and polychlorinated dibenzofurans (PCDD/PCDF), polycyclic aromatic hydrocarbons (PAH), polychlorinated biphenyls (PCB), and chlorobenzenes and chlorophenols. This section discusses the sampling-and sample handling techniques for the semi -VOST method. Analytical procedures vary significantly for different prajects ancrtarget compounds, and are discussed in the text of the report. 

Because of the very low detection limits of the analytical techniques, thorough cleaning of sample train components prior to testing is vital. Prior to testing, a11 glassware is cleaned in ESA's laboratory with high purity water, acetone, and hexane rinses, and then baked at high temperature. Resi~ modules are cleaned and loaded with purified resin by the contrart. 1 aboratory within one week of the scheduled test date. Batches of Whatman 934AH fiberglass filters are toluene­rinsed and proofed by the contract laborato~. Individual filters are then tared and stored in petri dishes lined with hexane rinsed aluminum foil. 

Sample train assembly is performed in an on-site clean room by experienced personnel. 

The sample train is shown in the attached figure. Sample is pulled through the following components: 
1. Glass or nickel-coated stainless steel nozzle 2. Heated glass probe (250 ± l5°F) 3. Optional cyclone in heated oven {250 ± l5°F) 4. Filter in heated oven 
5. Glass or teflon tubing 
6. Condenser/sorbent module cooled with circulating ice water from impinger bath 
7. Dry impi nger with stub stem 
B. Smith-Greenburg impinger with 100 ml DI HzO 9. Dry impinger as a knockout 

10. Impinger containing silica gel 
11. Leak-free vacuum pump 
12. Calibrated dry gas mater 
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Sample 
Recovery: 

Field Blank: 

Sample 
Custody: 

The pump, meter, manometers, and heater controllers are all contained in a single control box (Andersen Universal or equivalent). 

During final sample train assembly and leak chec~ procedures on the stack or duct, special precautions are taken to minimize the chance of contamination. Sample train components are open to the air for as short a time as possible; and during transport to and from the sta.ck, all components are sealed with hexane rinsed aluminum foil. 

·All sample recovery is performed in ESA's laboratory or an on­site clean room. Following sampling the resin module is sealed with glass caps and stored in a refrigerator or ice chest, the filter is placed in a light-proofed petri dish, and all glassware components are rinsed. The rinse consists of three ·rinses each of distilled water, acetone, and hexane. All sol vents are high purity GS/HC grade, the squirt bottles are teflon, and the sample bottles are amber glass with teflon­lined t:aps. Water fractions are placed in separate bottles from the acetone/hexane· d nses to simplify extract ion procedures for the contract laboratory. 

At least once during each test series, a field blank sample is collected. This consists of assembling a sample train transporting it to and from the stack, leak checking it, and recovering it. This sample is analyzed using the sam~ procedures as for the test samples. 

Full chain of custody is maintained on all reagents, sample trains, and samples by ESA·.and by contract laboratories. In addition to formal documenta:tion by the sample custodians, sample data sheets are initialed by the individuals who assemble and recover each sample train component. 
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